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ROAD RESEARCH 
IN GREAT BRITAIN 


HE Minister of Transport, Mr. A. Lennox-Boyd, 

recently stated in the House of Commons that 
to delay an extended programme of major road 
improvements would cause serious damage to the 
economy of Great Britain. Thus, officially admitting 
the economic justification of an adequate road system 
for Britain, the Minister simultaneously announced 
that the total Exchequer expenditure on the schemes 
to be authorized in the next three financial years 
would not exceed £50 million, mainly to be spent 
on ameliorative schemes. Many of these schemes 
have been pressed upon successive Governments since 
before the Second World War. No major recon- 
struction schemes to forestall serious damage to our 
economy are to be undertaken, and Sir Gurney 
Braithwaite’s proposal in the debate on February 15 
for a thirty-year loan of £500 million for roads, in 
addition to existing financial allocations, to permit 
the planning of road improvements and developments 
and the allocation of materials and labour on a firm 
basis, was rejected. 

Much of that debate was concerned with questions 
of road safety and the prevention of accidents, which 
have been a major factor in focusing public attention 
on the problems of roads and in inducing what is 
really a new departure in Government policy. If, 
however, the Government had accepted Sir Gurney 
Braithwaite’s suggestion, there would still have been 
some difficulty in determining priorities as between 
the many schemes and proposals which have been 
advanced to relieve congestion on the roads. Dis- 
satisfaction over the choice actually made and dis- 
cussion of the rival claims tend rather to divert 
attention from the fact that the basic problem is not 
yet being tackled. 

The problem is to be seen in its true perspective, 
not in the light of the debates in Parliament but in 
the light of the comments on road research in the 
latest report of the Department of Scientific and 
Industrial Research and in that of the Select Com- 
mittee on Estimates for the Session 1952-53 dealing 
with roads to which the Advisory Council directs 
attention. Even there, however, it is more by 
implication than by direct comment that the effect 
of the cuts in the work of the Road Research 
Laboratory and the curtailment of the Department’s 
post-war plans for the Laboratory necessitated by 
the ill-judged reduction in the Department’s vote is 
evident. The Road Research Laboratory is only one 
of many branches of the Department’s work which 
have to be considered in apportioning the resources 
available, and though Sir Ben Lockspeiser claimed 
in evidence before the Select Committee that its 
researches had saved the country several million 
pounds a year, that is a reason not so much for 
special grants to road research as for a wise and 
generous policy towards the Department as 4 
whole. 

Leaving aside for the moment that aspect of road 
research which is concerned with road safety— 
though Lord Lucas last July put the loss to the 
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nation’s economy through road accidents alone at 
£146 million annually—the work of the Road 
Research Laboratory aims at providing the funda- 
mental knowledge of the properties of materials and 
of the methods of road construction which would 
permit those materials to be used more efficiently, 
with less labour and with less maintenance. Sir Ben 
Lockspeiser admitted in his evidence that, so far as 
the design of a road in relation to the type of soil 
and the amount of traffic it is to carry is concerned, 
our knowledge is in its infancy. The Select Com- 
mittee, in fact, was satisfied that the one way in 
which any significant reduction in expenditure on 
the roads could be made, and the one way in which, 
in the present economic difficulties, anything could 
be done substantially to improve the condition of 
the roads, is by the use of new methods and machin- 
ery, such as it is the purpose of the Road Research 
Laboratory to elaborate. 

The Select Committee therefore recommended that 
immediate consideration be given by the Ministry of 
Transport and by the Treasury, in conjunction with 
the Department of Scientific and Industrial Research, 
to the expansion of the work of the Road Research 
Laboratory, the necessary cost being met by a cor- 
responding reduction in the Treasury contribution to 
the Road Fund. It also expressed the opinion that 
the full possibilities of the work of the Laboratory 
are not generally realized. Although it is not easy 
to see how any reduction in expenditure on highways 
can be effected otherwise than by the use of up-to- 
date methods and equipment, to the development of 
which the work of the Laboratory directly contributes, 
the Ministry of Transport was unprepared to commit 
itself as to the desirability of expanding that work. 
Accordingly, the Select Committee requested the 
Department to prepare a supplementary memoran- 
dum on road research and its application, in which 
reasons are given for believing that additional 
expenditure estimated at an initial £240,000 and an 
annual increase of £155,000 (compared with the total 
expenditure of £312,728 gross for 1952-53) would 
offer economies which could run into millions of 
pounds @ year. 

For the most part, the measures proposed in this 
memorandum were those included in the Depart- 
ment’s post-war plans for the Laboratory, now 
expected to be completed by 1959. The programme 
includes proposals for further research on road- 
making machinery, for example, on machines for 
moving and excavating soil; for mixing soil and 
cement for soil stabilization, particularly for mix-in- 
place work ; for spreading and compacting concrete ; 
for removing snow and ice from roads and runways ; 
driers for use in connexion with tar macadam 
and asphalt plants; and plant for producing 
crushed stones in the sizes required by the industry. 
Besides this, the Laboratory’s facilities for testing 
existing machines and prototypes could usefully be 
extended. : 

No estimate is attempted of the probable monetary 
savings that would result from this work, which would 
involve additional scientific, technical and industrial 
staff of forty to fifty and an expenditure of £40,000 
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per annum ; 


Nor is any estimate attempted of the probable return 


from the further expenditure of about £30,000, with | 
an increase of thirty in the non-industrial staff, 


needed to redress the balance of fundamental research 
on materials and methods of construction, particularly 


on the basic factors determining the cost and life of | 
different forms of road-surfacing and on asphalt i 
made from the new crude oils from the Middle East. | 
Unless steady progress in this fundamental research [7 
is maintained, however, the ability of the Laboratory | 
to deal effectively with questions of technical appli. |7 
cation is bound to suffer and its contribution to | 


road-making economy will be reduced. 
The memorandum stresses particularly the need 


for sites for experimental roads, which are now re- 
quired in the Laboratory’s work on design and con. |7 
struction, to permit the full-scale demonstration of ” 


the possibilities of the new and potentially more 


economical forms of construction. The initial expendi. © 


ture of £240,000 is required for this purpose on a site 


at Alconbury Hill, Huntingdonshire, where it would ~ 
provide the opportunity for essential research and | 


also some miles of modern trunk road at a point 
where it is badly needed. A small road experiment 
in Yorkshire in 1949 demonstrated that savings of at 
least. £20,000—-£30,000 per mile could be made in that 
area, and even greater savings are to be expected in 
the construction of roads over clay soils. 

For research -into road safety and traffic, the 
memorandum proposes an increase of twenty-five in 
non-industrial staff and an additional expenditure of 
£35,000, so as to permit a considerable speeding up 
of the investigations with the view of obtaining rapid 
economic returns. Such investigations include the 
study of the control of traffic at intersections; 
estimation of the economic cost of traffic delays for 
comparison with the cost of the road works and 
other measures that would relieve them; detailed 
study of traffic flow, and use in practice of 
principles already deduced from research ; effect of 
minor road improvements, such as dealing with 
places where accidents frequently occur (the cost of 
which was estimated by Lord Lucas in a House of 
Lords debate last year as £150 million), improve- 
ment of lighting, etc., to establish the economic 
principles on which sites for improvements should be 
selected; study of rates of accident on different 
types of roads to assess the economic benefits of 
wider and straighter roads ; design of street lighting 
in relation to the reflecting powers of road surfaces ; 
combination of road surface texture and tyre tread 
pattern which will ensure the best combination of 
durability and skidding resistance in both roads and 
tyres; value of measures of protection for pedes- 
trians; and (in collaboration with the Medical 
Research Council) investigation into the effect on 
drivers of various physical disabilities. Road 
accidents are estimated to cost the nation at least 
£100 million per annum (Lord Lucas quoted an 
estimate of £146 million) and traffic delays an 





apart from the contribution to the | 
export market and assistance given to other indus. 7 
tries, the return is to be found in increased output © 
and improved quality of materials and workmanship, © 
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unknown but large amount which must form an 
important part of the 10-15 per cent of the total 
cost of production and distribution in Britain which 
is attributed to commercial road-use. 

The magnitude of the net savings which would 
result from the reduction of accidents and traffic 
delays through the application of measures based on 
the results of research need scarcely be stressed 
here. The problem is, however, to secure their 
application. It is particularly acute in regard to 
the introduction of improved and cheaper methods in 
place of well-established practices, as Sir Ben Lock- 
speiser explained in his evidence. While appreciating 
the misgivings with which the Laboratory regards 
any suggestion that highway authorities should be 
under a direct obligation to consult the Laboratory, 
the Select Committee held that the work of the 
Laboratory is too valuable to be passed over. One 
of its main recommendations is that the Ministry of 
Transport and the Department of Scientific and 
Industrial Research should consult together with the 
view of improving the means by which results 
obtained by the Road Research Laboratory are made 
known to interested bodies. 

To further the quicker application of the results of 
research, the memorandum already quoted proposes 
a demonstration staff of twenty to thirty and 
expenditure of about £50,000 per annum. Such a 
demonstration service, to show, by actual work on 
roads, how to use new or improved methods, offers 
savings put at many millions of pounds a year. Use 
of soil-cement construction instead of concrete for 
housing-estate roads, for example, is estimated to 
offer savings of £1-5 million out of £10 million, 
while @ more general use of technical control in the 
application of bituminous surfacings offers savings 
estimated at £200,000 a year. Assistance given by 
the Laboratory to one county surveyor in Scotland 
enabled twenty miles of road to be re-surfaced at 
the same price as that for eleven miles with more 
orthodox materials. 

It is worth noting in this connexion that a memor- 
andum on highways expenditure submitted in 
evidence to the Select Committee by the County 
Councils Association expressed the hope that no 
search for economies would lead to any reduction in 
the expenditure on research into road techniques and 
materials and problems of traffic flow and accidents 
undertaken by the Road Research Board. The value 
of such research is, the Association thinks, out of all 
proportion to the relatively small cost involved—-an 
insignificant proportion of the total expenditure on 
highways—estimated as more than £73 million in 
1950-51. The current report of the Department of 
Scientific and Industrial Research indicates that the 
Road Research Laboratory is already paying par- 
ticular attention to securing the practical application 
of the results of its work. 

Meanwhile, the Advisory Council intends to respond 
to the best of its ability to the Select Committee’s 
desire to see the Laboratory’s work expanded, though 
it is obvious that expenditure contemplated in the 
memorandum already quoted is almost as large as 
the total increase in the Department’s estimates for 
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1954-55 when allowance is made for the provision 
for European nuclear research. Even then, however, 
expenditure on road research would be well below 
half a million pounds a year, and this figure should 
be set against the £90 million which, according to 
the Earl of Selkirk’s reply for the Government in the 
House of Lords debate on March 3, is being spent on 
roads this year—a figure which will rise to £100 
million in coming years. The Earl of Selkirk claimed 
that during the past thirty years we have never, 
except in the war years, spent less than £50 million 
@ year on the roads; but it should also be remem- 
bered that, as Lord Brabazon pointed out, while 
expenditure on road transport was about £1,200 
million‘in 1950 and £1,400 million in 1951 and road 
taxation yields £293 million (£67 million from licences 
and £226 million from fuel taxes), we are only 
spending £4-5 million on improvements in roads 
(£1-5 million of which is to remove ‘black spots’ and 
£1-5 million‘ on new roads (including roads on new 
housing estates) ) compared with £10-5 million and 
£3-25 million, respectively, before the Second World 
War. 

This reduction Lord Brabazon estimated as, in 
effect, one of about 90 per cent on pre-war expendi- 
ture, and the debate also brought from Lord Latham 
a strong plea for a series of comprehensive pro- 
grammes of road construction and improvement, 
properly phased for execution during the next 
twenty or thirty years. Lord Waleran emphatically 
challenged the suggestion that there is any shortage 
of civil engineers, technicians or surveyors to prevent 
the initiation of such a programme, and quoted Sir 
George Burt’s statement that civil engineering was 
never before so well equipped and prepar1 for 
carrying out road reconstruction work on a large 
scale. 

The Earl of Selkirk did not suggest in his reply 
that there is any present shortage of engineers or 
surveyors, but said that a shortage might develop 
if reconstruction schemes were to be launched on 
too ambitious a scale. What seems much more 
important is whether, as Lord Lucas questioned, the 
money is being spent to the best advantage, and this 
reinforces the Select Committee’s recommendation 
for more attention to the dissemination of existing 
knowledge and to securing the early utilization of 
the results of road research. The examples of the 
work already being carried out by the Road Research 
Laboratory which are given in the recent report of 
the Department of Scientific and Industrial Research 
well illustrate the value of the Laboratory’s work ; 
but they need to be more widely known. 

The survey of accidents involving motor-assisted 
cycles has, for example, indicated that in many such 
accidents a motor-car collided with the cycle when 
one or other turned right, and because the driver of 
the car greatly under-estimated the speed of the 
cycle: some clearer indication appears to be needed 
that a cycle has power assistance. Other important 
work has been carried out on braking and on dazzle 
from head-lights, and the Laboratory has developed 
an ‘automatic delay computor’ which calculates the 
delay at fixed-time traffic signals for any settings of 
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the ‘green’ times and for any traffic fed into it. Some 
reference has already been made to the cement- 
stabilized soil process for road foundations. Great 
interest is also being taken in the soil-boring machine 
devised by the Laboratory to investigate the nature 
and condition of the subsoils. Another main investi- 
gation is concerned with the construction of roads 
on peats and morainic deposits, and another with 
the modifications required to the techniques of 
surface dressing and of designing bituminous sur- 
facings developed for English conditions to make 
them best suited to the climatic conditions of Scot- 
land; attention is also being concentrated on 
improving the accuracy of operation of asphalt and 
coated macadam plants, so that materials can be 
manufactured accurately to specification. 

Examples of this type of work being carried out 
by the Road Research Laboratory are particularly 
worth noting, because while their value in terms of 
human life and happiness as well as of the efficiency 
of transport should be obvious, ill-informed criticism 
of the work of the Laboratory still persists. The 
recent report from the Department of Scientific and 
Industrial Research indicates that there is something 
which the scientist as such could do to secure a better 
appreciation of the work of the Laboratory and 
firmer support for its activities. On the wider issue 
of road reconstruction and improvement generally, 
it can be said that the more vigorously the work of 
the Laboratory is now carried out, the greater will be 
the possibilities of economy in materials and labour 
when an adequate programme of reconstruction and 
development is initiated. As to the timing of such 
& programme, and the adequacy of the measures now 
proposed by the Government, scientists are entitled 
to voice their views as citizens. Any part which they 
may play beyond that, as scientists, in helping to 
secure that the work of the Road Research Labor- 
atory is more widely known and better understood, 
will assist in the task of public education which is 
required to make known the results of its work and 
to promote the co-operation and goodwill that are 
fundamental to their adoption. 


STRUCTURE OF ORGANIC 
CRYSTALS AND MOLECULES 


Organic Crystals and Molecules 
Theory of X-Ray Structure Analysis with Applica- 
tions to Organic Chemistry. By Prof. J. Monteath 
Robertson. (The George Fisher Baker Non-resident 
Lectureship in Chemistry at Cornell University.) 
Pp. xi+340. (Ithaca, N.Y.: Cornell University 
Press; London: Oxford University Press, 1953.) 
32s. 6d. net. 

Y the beginning of the present century the 

subject of organic chemistry was already an 
advanced and exact science. The stereochemical 
formule of many thousands of molecules were known 
and it may have seemed that new methods of 
determining the structures of organic molecules were 
almost redundant. The success of the first analyses 
of crystal structures by means of X-ray diffraction 
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was so striking, however, that it was not long before 
it was realized that this method might give details 
of exact interatomic distances, valency angles and 
intermolecular forces which would be outside the 
range of purely chemical investigations. Moreover, 
the later developments of the X-ray diffraction 
method, involving Fourier synthesis of all the 
intensity observations, were able to give the general 
electron distribution in the molecule and so provide 
data for comparison with quantum mechanical 
calculations. 

Each structural determination, however, has so 
far been a major piece of research and most have 
involved new tactics of some kind. Some research 
workers have concentrated on the relatively simpler 
groupings, hoping to work towards the complex 
molecules and in particular the biological compounds, 
by a building-up process. Others have tackled the 
most complex biological materials straight away, 
expecting by means of comparisons, by examining 
the effects of physical processes such as stretching or 
shrinkage, or those of wetting or drying, to get some 
insight into major architectural features. Almost all 
those who have worked in these two fields have 
themselves contributed much towards advancement 
of the experimental, mathematical or computational 
techniques. Now they are beginning to see the way 
by means of which some structural analyses, at 
least, may become matters of routine. 

Prof. J. M. Robertson has himself been one of the 
foremost research workers in the X-ray crystallo- 
graphic field. He has contributed a great deal to 
the development of the necessary apparatus and 
methods and he has a remarkable number of detailed 
structural investigations of simpler organic com- 
pounds to his credit, apart from those contributed 
by members of his school of X-ray crystal analysis 
in the Chemistry Department of the University of 
Glasgow. It was most fitting, therefore, that he 
should have chosen to speak on this subject when 
invited to give the George Fisher Baker Lectures in 
Chemistry at Cornell University. He has, in writing 
up these lectures for publication, produced a book 
which, within its self-imposed limits, is a model of 
what such a book should be. It is cheap at the 
price. 

Beginning with the idea of a crystal as a finite 
body from the external point of view, but as built 
on an infinite repeating and symmetrical pattern 
internally, he shows how different X-ray diffraction 
methods can be applied to the determination of all 
the geometrical aspects of the structure. Throughout 
this section he gives proofs where they are needed 
and is careful to use the modern space-group nomen- 
clature and diagrammatic representation, so that the 
work ties up with the new International Tables 
for X-ray Crystallography. Since he is mainly 
interested in the analysis of single crystals, powder 
and fibre methods are not described in any great 
detail, but their usefulness to the chemist is not 
overlooked. 

Passing from the positions of the diffracted beams 
to their intensities, he shows how these may be used 
to give the positions of the atoms with certainty and 
accuracy. A valuable section is devoted to methods, 
some of which are still being developed and explored, 
of solving the crystallographer’s most difficult 
problem, that of determining the relative phases of 
the diffracted waves. The question of homometric 
structures is also discussed. It seems probable from 
some recent investigations that this pitfall, of 
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postulated structures which do in fact give identical 
diffraction effects, needs more practical consideration 
than it has generally received so far. 

Part 2 gives an account of the results of the 
analysis of some organic molecular structures. This 
section will be particularly valuable to students both 
of crystallography and of chemistry. Many young 
workers in this field are graduate physicists whose 
knowledge of organic chemistry is rudimentary. 
Prof. Robertson’s treatment, which by following the 
historical sequence does in fact pass from the very 
simplest structures to those of greatest complexity, 
is admirably suited to lead them gently but author- 
itatively to an understanding of one important side 
of crystallographic investigation. The young chemist, 
on the other hand, is-made to realize, with force and 
clarity, how valuable are crystallographic studies in 
supplementing information gained by way of the 
standard chemical methods. Now that X-ray methods 
have become sufficiently refined to be able to indicate 
the positions of hydrogen atoms, the already large 
body of structural information relating to hydrogen- 
bonded compounds is seen to be capable of much 
future extension. 

References are given throughout the book, and 
there are good name and subject indexes. 

K. LONSDALE 


PHYSIOLOGY OF INSECTS 


Insect Physiology 

Edited by Kenneth D. Roeder. Pp. xiv+1,100. 
(New York: John Wiley and Sons, Inc. ; London: 
Chapman and Hall, Ltd., 1953.) 120s. net. 


“HE insects as a group are distinguished from 
other classes of animals not only by their 
abundance and diversity and by their great economic 
importance but also by their physiology. They 
have a highly complex cuticular covering, a tracheal 
system of respiration, a characteristic endocrine 
system which regulates their striking metamorphoses, 
@ capacity for flight, with flight muscles showing 
rates of contraction and relaxation which may exceed 
1,000 per second, and elaborate sense organs and 
nervous system. There is therefore some justification 
for presenting a separate account of their physiology. 
The manner in which this subject is to be treated 
presents a difficult problem to the author. Is he to 
take for granted in the reader a knowledge of general 
physiology and biochemistry, or is he to assume that 
the reader is being introduced to physiology (except at 
the most elementary level) for the first time ? The 
different authors of this joint work have adopted 
different methods. Writing on the biochemistry of 
muscle, D. Gilmour gives an epitome of present 
knowledge on glycolysis and oxidative metabolism 
in muscle in general, merely fitting into this back- 
ground what little is known about the special bio- 
chemistry of the muscles of insects. K. D. Roeder 
adopts much the same treatment for the function of 
nerves and ganglia—though by including the Crus- 
tacea he has more to say that applies specifically to 
the nerves of arthropods. 

To write a really good chapter or series of chapters 
in a book of this kind each author must have read 
and appreciated the literature of his subject. That 
certainly applies to most of the contributors: A. G. 
Richards on the cuticle, D. F. Waterhouse and 
M. F. Day on the digestive system, W. Trager on 
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nutrition, V. G. Dethier on receptor organs—to 
mention a few names only. All these are authors 
well known for their researches in these fields and 
masters of their literature. Certain other chapters, 
such as those on respiration and excretion, are some- 
what slighter. 

Most of the authors have interpreted their task as 
calling for a pretty complete and balanced survey 
with only a modicum of critical discussion. J. B. 
Buck, for example, writing on the composition of 
the blood, has been at great pains to collect much 
scattered information and present it in a series of 
most valuable tables and charts. But others have 
adopted a more discursive method. L. E. Chadwick 
contributes three chapters on insect flight, amounting 
in all to nearly 100 pages. Clearly this is out of 
proportion to the rest—but these chapters are the 
best written in the whole book, and the general editor 
was certainly wise to permit this degree of freedom. 
The four chapters on growth, written by D. Boden- 
stein, are likewise somewhat discursive. But they 
are closely argued and show evidence of careful 
thinking. Even those readers who do not accept all 
the conclusions reached will find these chapters most 
stimulating. T.C.Schnierla contributes four chapters 
on insect behaviour. These are packed with informa- 
tion about the natural history of insects and make 
most interesting reading. But since the matter with 
which they deal is for the most part still beyond the 
grasp of the physiologist, they stand rather apart 
from the rest. 

There are important topics, such as reproduction, 
insect pigments, light production and others, which 
are not included. For these reasons Prof. Roeder 
describes his book as a critical discussion rather than 
a complete review of insect physiology ; but in fact 
most of the ground is covered fully and well. 

V. B. WiGGLESworRTH 





IDENTIFICATION KEYS TO THE 


BRITISH FAUNA AND FLORA 


Bibliography of Key Works for the Identification 
of the British Fauna and Flora 

Edited by Dr. John Smart and Dr. George Taylor. 

Pp. xi+126. (London: The Systematics Association, 

1953.) 12s. 6d. 


SECOND edition of this very useful publication 

is welcome, including, as it does, many new 
references. The layout is clear and convenient and 
follows the same general plan as in the first edition, 
though the section on wood anatomy has been 
replaced by more useful ones on the anatomy of 
higher plants and the identification of pollen. 
Detailed criticism of such a work is difficult without 
an exceptionally wide knowledge of the literature. 
It must also be borne in mind that it is, after all, a 
list of works for assistance in the identification of the 
British fauna and flora, and from this point of view 
many important detailed works on particular groups 
may well be unsuitable for inclusion. 

None the less, when due allowance has been made, 
there are some peculiar inclusions and omissions, 
which make this second edition a little disappointing. 
Space only allows a few random examples to be 
quoted here. It is strange that in the list of text- 
books on p. 3 there are works which, excellent in 
their day, are now quite out of date. Why, for 
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example, list Borradaile’s ‘““Manual of Zoology”’ and 
leave out Grove and Newell’s “Animal Biology” ? 
There is no reference to the two latest volumes of 
Hyman’s work on the invertebrates published in 
1951. Then again, in the general books on verte- 
brates, J. Z. Young’s “The Life of the Vertebrates” 
and Romer’s “The Vertebrate Body” are omitted. 
In the general books on Mammalia, Harrison 
Matthew’s excellent account of British mammals in 
the New Naturalist series is not included. 

There are also strange omissions in the lists of key 
works of the groups. In the Mollusca one would have 
thought that Thiele would have been given. The 
reference to Step, “Shell Life’’, is to the 1926 edition ; 
but there was a revised edition in 1945. 

These are a few examples; but they tend to weaken 
one’s confidence in the comprehensiveness of the 
lists. The work gives an impression that the con- 
sultative net might have been cast a little wider 
among zoologists in general and the specialists in 
the various groups. Perhaps a third edition will not 
be too long delayed, and it is to be hoped that the 
editors in their laborious task will take comfort in 
the thought that they are earning the genuine 
gratitude of zoologists and botanists both at home 
and abroad. 

The greatly extended list of references to mono- 
graphs of special groups of flowering plants is a very 
valuable feature of the botanical section of this 
work, and one for which systematic botanists will be 
grateful. The exclusion of Schinz and Keller (given 
in the first edition) from the foreign books is to be 
regretted, and Raunkiaer’s “Dansk Ekskursions- 
Flora” might well have been added. These, however, 
are minor blemishes in an admirable and compre- 
hensive list of botanical works. 

H. P. Moon 
T. G. Torm 


“DOFLEIN’S PROTOZOA” 


Lehrbuch der Protozoenkunde 

Eine Darstellung der Naturgeschichte der Protozoen 
mit besonderer Beriicksichtigung der parasitischen 
und pathogenen Formen. Sechste Auflage. Zweiter 
Teil: Spezielle Naturgeschichte der Protozoen. Zweite 
Halfte: Sporozoa und Ciliophora. Begriindet von 
Franz Dofiein; fortgesetzt von Prof. Dr. Eduard 
Reichenow. Pp. iv+777-1214. (Jena: Gustav 
Fischer Verlag, 1953.) 23.50 D. marks. 


HE tirst and more general part of this invaluable 

book has already been reviewed (Nature, 167, 
829; 1951), and the commendations of that part 
then recorded apply also to the second part, which 
has been published as two paper-backed volumes, 
the first dealing with the Mastigophora and Rhizopoda 
and the second with the Sporozoa and Ciliophora. It 
is perhaps 3 mark of the advance of our knowledge 
of the Protozoa that 1,213 pages, each of them 
closely packed with detail, are required to record the 
essence of what we know about this remarkable 
group of organisms. The reader will marvel that one 
man can encompass so wide a range of detail; but 
Prof. E. Reichenow proves that he, at any rate, can, 
and every protozoologist will be grateful for the 
immense labour and care that he has put into this 
work. For there is no other book in any language 
that gives us all that ‘“Doflein” does. Wenyon’s 
great work, “‘Protozoology”, with its wide range and 
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emphasis on the pathogenic species, is unhappily out 
of print, and only the fortunate possessors of copies 
of it can enjoy and profit by its fine illustrations and 
its invaluable bibliography. It is a great pity that 
a revised edition of it has not been published. 

But “Doflein” remains. Although it deals less 
fully than Wenyon did with the pathogenic species, 
this new edition will surely find a place in every 
biological library, and zoologists who work on the 
beautiful and thought-provoking non-pathogenic 
species will scarcely be able to do without it. They 
will welcome the return, in this second part of the 
book, of paper which gives back to the illustrations 
the quality they had in the earlier editions. Perhaps 
it will be possible to re-issue the first part on the 
same kind of paper. Though it increases the weight 
of the book, that is a justifiable price to pay for the 
added quality of the illustrations. 

There is no space, in a brief review, to discuss in 
detail the contents of the book ; nor is it likely that 
some readers will not find controversial statements 
somewhere or other in the three volumes, which 
cover so wide a field. A critic might, for example, 
select for discussion Prof. Reichenow’s removal of 
the Theileridae and Babesidae from the Haemosporidia 
and his view that species of these families were not 
originally parasites of ticks. This view depends 
largely on work done by Prof. Reichenow him- 
self and his colleagues. Logical though the views 
expressed will seem if this work and Prof. Reichenow’s 
somewhat summary dismissal of earlier work are 
accepted, some readers will require further evidence 
before they will abandon the older views completely. 

Whatever their criticisms, however, readers will be 
as grateful to Prof. Reichenow as they have been to 
Dofiein, who created this great book. Other books 
on the Protozoa have appeared recently, and each of 
these has its own quality and value; but none has 
yet excelled ‘“Doflein”. English-speaking readers 
would no doubt be even more grateful if the book 
could be translated into English. This would not be 
@ difficult task, because a feature of ““Doflein” has 
always been the clear and relatively simple German 
in which it is written. G. LAPAGE 


TEXTILE FIBRES 


The Identification of Textile Fibres 

Qualitative and Quantitative Analysis of Fibre 
Blends. By Bruno Luniak. (Translated and Revised 
by the Author from the Second Edition of Communi- 
cation No. 3 of the Department of Textile Engineering 
and Textile Industries at the Swiss Federal Institute 
of Technology in Zurich.) Pp. xiv+177+52 plates. 
(London: Sir Isaac Pitman and Sons, Ltd., 1953.) 
45s. net. 


R. BRUNO LUNIAK wrote the first Swiss 

edition of his text-book whilst working with 
Prof. Honegger at the Technische Hochschule in 
Zurich. This was published in 1945. A second 
Swiss edition followed in 1949. The author is now 
working at the Linen Industry Research Association 
near Belfast, and encouraged by the success of his 
German version and by his British environment has 
translated his book into English ; whilst doing this 
he has revised and enlarged the text, has increased 
the collection of photomicrographs and has added 
an index. All these changes have made the new 
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edition an improvement on its predecessors. It is 
rarely that the turn of a phrase suggests that the text 
is a translation. 

The book is concerned with the identification of 
fibres and the determination of the composition of 
blends of fibres. Until the start of the Second World 
War there were only five different chemical types of 
fibres although they occurred in many modifications. 
In the past few years many new chemical types have 
been introduced. In some cases they are being used 
for giving the handle and appearance of older and more 
expensive fibres, as the fibres which were once called 
“artificial silk’? were used as substitutes for natural 
silk. In other cases complicated blends of fibres are 
being turned out with the purpose of combining the 
good qualities and of overcoming the bad qualities of 
individual fibres. In other cases again the new fibres 
are making available textile qualities not previously 
obtainable. All these changes have increased both 
the range and difficulty of the analytical problems 
facing the textile technologist. As a result much 
greater interest is now being taken in this field. 
Mr. Luniak has provided a guide ; but, to continue the 
simile a little further, the extent of the field and the 
number of paths through it are increasing rapidly. 
This makes it difficult to write a book to include the 
very latest fibres and methods of analysis. Thus, for 
example, it has not been possible to include the 
chromatographic methods for identifying nylons. 

A negligible prior knowledge has been assumed in 
the reader. Detailed instructions are given for carry- 
ing out the selected chemical, physical and micro- 
scopical tests. Any competent worker should be 
able to perform the first two immediately ; but a 
considerable amount of practice is required before 
microscopical examinations can be done even with 
the clearest instructions. The value of the text is 
increased by the inclusion of appreciations of the tests, 
which are summarized in synoptic tables and schemes 
of analysis. 

The book can be recommended particularly for its 
comprehensive collection of excellent photomicro- 
graphs of natural and man-made fibres. These will 
be consulted by many readers who will not use the 
book as a laboratory manual. J. M. PREsTON 


ABSTRACT SET THEORY 


Abstract Set Theory 

By Prof. Abraham A. Fraenkel. (Studies in Logic 
and the Foundations of Mathematics.) Pp. xii+480. 
(Amsterdam: North-Holland Publishing Co., 1953.) 
38f.; 76s. 


ANY years ago the author published his 
4 “Einleitung in die Mengenlehre’’ (Springer, 
Berlin, 1919; third edition, 1928; reprinted Dover, 
New York, 1946). The present book follows, in 
external arrangement, the first half of the German 
treatise, but differs, not only through the principles 
introduced as basis of the theory, but also in the 
subject-matter and proofs in many sections. The 


definition by transfinite induction in §10,2, and the 
direct proof of general comparability by means of 
the axiom of choice in §11,1, are among subjects 
not treated in other text-books. 

Chapter 1 is on elements and the concept of 
cardinal number. Most of this chapter, dealing with 
sets, denumerable sets, continuum, transcendental 
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numbers, and cardinal numbers, could be read with 
great advantage by students reading for a mathe- 
matical honours degree. 

Chapter 2 is concerned with equivalence and car- 
dinals. The sections give definition of order, Cantor’s 
theorem, the power set, the equivalence theorem, the 
problem of comparability, addition and multiplication 
of sets and of cardinals, inverse operations, inequali- 
ties between cardinals, the general concept of meet 
(inner product), Boolean algebra, exponentiation, 
infinitesimals and non-Archimedean domains. 

Chapter 3 is on order and similarity, order types 
and ordinal numbers. There are sections on addition 
and multiplication of order types, linear sets of points, 
dense or continuous ordered sets, etc., well-ordered 
sets, transfinite induction, comparability of well- 
ordered sets, ordinal numbers, comparability of 
ordinals, alephs and initial numbers, the well-ordering 
theorem, the general comparability of sets and 
cardinals. 

A noteworthy feature of the book is the extremely 
extensive bibliography, which must have taken many 
years to prepare. This will be of great value to 
readers. The book is excellently written and pro- 
duced, and should become a standard text-book on 
the subject. R. G. CooKE 


TEACHING DEAF CHILDREN 
TO SPEAK | 


Speech and the Deaf Child 
By Irene R. Ewing and Dr. A. W. G. Ewing. Pp. 
xii+256+4 plates. (Manchester: Manchester Uni- 
versity Press, 1954.) 18s. net. 

HE chairman of the National College of Teachers 

of the Deaf recently summarized the present 
position in Great Britain as ‘‘approximately 5,000 
deaf children in about fifty schools”. These children 
are taught by some five hundred teachers, so that 
the educational provision made for them is compar- 
able in size to one of the smaller local education 
authorities. They are educated by oral methods, 
speech and lip-reading forming the basis of the means 
of communication and, theoretically at least, every 
teacher of the deaf is a teacher of speech. The best 
teachers are usually too busy practising their craft 
to have time to record their methods for the benefit 
of their less successful colleagues, so it is very for- 
tunate indeed that Dr. Irene Ewing, with the 
assistance of her husband, Prof. A. W. G. Ewing, 
has devoted the first years of her retirement to the 
production of this book. The Ewings form a unique 
team and are foremost among the workers in deaf 
education in Great Britain. 

Although they begin by reviewing briefly the 
history of the teaching of speech to the deaf, they do 
not make sufficiently clear the confusion of methods 
that at present exists in the schools. Some teachers, 
using what is widely known as the ‘analytic’ method, 
still try to synthesize words and phrases from units 
of articulation; others who prefer the so-called 
‘synthetic’ method teach the children to speak 
complete words or breath-groups of sounds, and 
correct mistakes by analysis. It is generally recog- 
nized that these methods, usually imposed upon the 
children, result in an artificial form of speech which, 
at its best, is both laboured and monotonous. This 
may be attributed to a certain extent to two main 








968 NATURE 


factors: not beginning early enough owing to in- 
adequate provision of nursery schools or nursery 
classes for deaf children, and a tendency to isolate 
‘speech lessons’ from ‘language lessons’. In this book 
the Ewings propound a new approach, a ‘genetic 
approach’, to the teaching of speech to deaf children. 
They support their thesis by a comprehensive sum- 
mary of new and proved methods used in the 
education of normal hearing children, and of the 
results of the many research projects carried out by 
them, or under their direction, in the University of 
Manchester. 

Implicit in the ‘genetic approach’ is the belief that 
speech for the deaf child is primarily a form of 
mental growth, that it is a blossoming for which the 
mind and body are innately prepared, and will take 
place spontaneously in spite of the physical and 
mental handicap of deafness if a favourable social and 
emotional climate is provided. In a suitable environ- 
ment, the first step is the development of a readiness 
for speech—a form of maturation analogous to 
‘reading readiness’, and which, like it, takes place at 
different ages in different children. When a child is 
‘speech ready’ the first words are produced spon- 
taneously, indicating clearly that words are beginning 
to play a part in the life of his mind. They are the 
natural beginnings of speech as surely as are the 
first words of an ordinary child, and with assistance 
and guidance by a skilled teacher this speech can 
be developed until it becomes fluent and adequate 
for all normal purposes. Speech must be regarded 
as part of the normal life of the child, and all known 
means of developing it must be used. Auditory 
training has been proved to be of great value even 
for severely deaf children with hearing losses up to 
@ hundred decibels. 

The book is an excellent reference manual for all 
students and teachers of speech, and at the same 
time an encouragement to all parents and friends of 
deaf children. It is permeated with the inspiration 
and the firm belief in oral methods that Dr. Irene 
Ewing instilled into her students from the earliest 
days of the Department of Education of the Deaf in 
the University of Manchester, and it supports all 
that it claims by the production of living evidence. 
There will undoubtedly be a greater proportion of 
‘oral failures’ than one would expect after reading 
the book, even after many years of practical appli- 
cation of the method described, and no doubt some 
readers will emphasize this point. . The evidence 
given in the appendix also appears to be of a specific 
nature, and should be accepted with caution; but 
personal experience has shown that the results are 
astonishing. This is probably the most important 
contribution to the education of the deaf during the 
present century. R. ASKEW 


TIMBER DEVELOPMENT 


Timber 

Its Structure and Properties. By Dr. H. E. Desch. 
Third edition. Pp. xxiv+350+65 plates. (London : 
Macmillan and Co., Ltd., 1953.) 25s. net. 


T is a truism that increased efficiency in many 
branches of industry depends not so much on the 
acquisition of new technical knowledge as on the 
application of existing knowledge. In the timber- 
using industries there is certainly scope for improving 
the standard of production by having regard to the 
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basic facts and principles of timber technology. The 
information is available for those who are in « 
position to make use of it; but the original sourc:s 
of information are widely scattered, and considerab!|:: 
time and trouble may be involved in acquiring thi 
relevant publications and assimilating their contents. 
A text-book of timber technology such as the volum: 
under review can be very useful, therefore, to 
architects, surveyors, building contractors and work. 
managers, as also to students and others who ca 
afford to buy only a limited number of books. Efforts 
to increase the productivity of under-developed 
forest areas will not be fully effective unless we have 
the skill and knowledge to utilize the timber 
efficiently. The presentation of technical information 
in @ convenient form can contribute to the well 
ordered development of timber resources. 

The author’s primary object has been to provide 
the practical man with a simple, concise account o! 
the structure, properties and methods of handling 
timber. The fact that a third edition has been called 
for so soon shows that the previous editions have 
been well received. In preparing the third edition 
the author has aimed at incorporating the more 
important results of research and development in the 
past five years. The text has been revised here and 
there, and new material has been added to the 
extent of sixty additional pages and ten more 
plates. 

A feature of this new edition is a new chapter on 
the eradication of fungal and insect attack. It is 
generally agreed that decay and ‘wood-worm’ 
infestation in buildings are more prevalent to-da) 
than formerly. This state of affairs has focused 
attention on insect and fungal pests of timber, and 
the publicity given to proprietary preservatives is 
tending to exaggerate the seriousness of the problem. 
The author has been at pains to analyse the alterna- 
tive curative measures in an impartial manner. As 
he says, the three most common faults, when dealing 
with outbreaks of fungal attack, are to do too little 
investigation on the site, to carry out unnecessarily 
extensive replacements, and to ignore the funda- 
mental cause, namely, a supply of moisture. Until 
the source of moisture is traced, the appropriate 
remedial measures cannot be laid down. 

Although this book was originally written for the 
non-scientific reader, the author has had in mind 
also the needs of students preparing for examinations 
in timber technology. The sections on the classifica- 
tion of trees and the nomenclature of timbers have 
been rewritten in an attempt to clarify the difficulties 
laymen often experience with timber names. Some 
useful text-figures and plates illustrating structural 
features used in identification have been added. A 
note on the anisotropic swelling and shrinkage of 
wood, by R. D. Preston, has been included as an 
appendix to supplement the discussion of this 
subject in the body of the text. Having. regard to 
recent advances in our knowledge of cell-wall 
structure, the author might have revised the section 
on the composition of the cell wall, which is based 
on what was known in 1938. With the advent of 
the electron microscope it is scarcely true to say, as 
is stated on p. 22, that the gap between observations 
made by the light microscope and X-rays can ply 
be filled by inference and conjecture. 

At 25s. this book is remarkably good iiino, 
especially when it is realized that it is twice the size 
of the first edition, published in 1938 at 12s. 6d. 

B. J. RENDLE 
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NEW TRIBOPHYSICS LABORATORY OF THE COMMONWEALTH 
SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANIZATION, 
AUSTRALIA 


. By Dr. W. BOAS 
Chief of the Division of Tribophysics, C.S.I.R.O., University of Melbourne 


BOUT a year ago an article in these columns working shop in which five engineering tradesmen 
{\ described some of the work on metal physics and a carpenter make the apparatus required for 
being carried out by the Division of Tribophysics, research. Simple equipment is made from sketches ; 
Commonwealth Scientific and Industrial Research but more complicated apparatus from drawings 
Organization, which was then just moving into anew prepared by a draughtsman under supervision of a 
building in the grounds of the University of Mel- trained mechanical engineer. Apart from the equip- 
bourne’, Since most of the teething troubles con- ment usually made in such a workshop, a bearing- 
nected with this move have now been overcome and testing machine, X-ray diffraction cameras and a 
work is going on again normally, it may be of interest micro-indentation hardness tester? have been con- 
to describe the building and some of its equipment structed here. The latter (load range 0-1—50 gm.) is 
more fully. being used in conjunction with one of the Vickers 
The building is situated between the Chemistry projection microscopes for the exact aiming of the 
and the Metallurgy Schools of the University. It is indentation on a predetermined spot of a specimen. 
a steel-frame, brick-faced building, 160 ft. long and It has been employed in the investigation of plastic 
40 ft. deep, with a total floor area of 21,000 sq. ft. deformation of metals and particularly of two-phase 
It has three stories and a small basement. Provision alloys. 
has been made for the addition of further stories The bearing-testing machine is housed in a tem- 
when required. perature-controlled enclosure in a large mechanical 
The basement houses boilers for hot water and engineering laboratory situated on the ground floor. 
central heating, a d.c. generator, an air compressor This machine measures the friction torque of various 
and the main a.c. distribution board. These services bearing-shaft combinations over a wide range of 
are distributed to all laboratories. operating conditions which can be accurately con- 
The ground floor contains a first-class workshop trolled. The test bearing is loaded hydraulically 
(40 ft. x 50 ft.), with a welding room and wood- through a parallelogram-type linkage which forms 
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the torque balance. In order to reduce friction in the 
linkage itself, flexure pivots are used. The test shaft 
is driven through a hydraulic transmission which 
provides stepless speed variation over a wide range 
of speeds. At maximum sensitivity the balance will 
detect torque changes of the order of 1 oz.-in. whiie 
transmitting a bearing load of 2,000 Ib. Due to the 
constant temperature of the surroundings, constant 
heat-flow conditions are established in the bearing, 
and the accuracy of the balance is improved. With 
this equipment, the mechanisms of running-in, 
seizure and recovery from seizure have been investi- 
gated with two different bearing materials. Results 
indicate that running-in occurs most rapidly with 
the softer bearing material, which also gives more 
rapid recovery from partial seizure. 
journal, surface finish, clearance and other geo- 
metrical factors on bearing performance is being 
studied. High load capacity can only be obtained 
when a bearing is accurately aligned with respect 
to the load. The effect of calculated misaligning 
torques on a bearing will be measured in terms of 
increase in friction and reduction of load-carrying 
capacity. 

In the ground floor there is a friction laboratory 
with the Bowden—Leben friction measuring apparatus 
on which the friction between selected pairs of 
materials can be measured over a range of tem- 
peratures and at predetermined loads and speeds. It 
is constantly used both by members of the Laboratory 
and by industrial scientists. There is also a small 
foundry with electric and gas furnaces and salt- and 
oil-baths for annealing and quenching, and a general 
store. The mechanical testing room houses a 30,000-lb. 
tension and compression testing machine, a Vickers 
hardness tester, an experimental rolling-mill and wire- 
drawing machine and a working bench with a small 
lathe and drill for the use of the research staff. The 
precision machines in the main workshop are reserved 
for the tradesmen. Finally, the ground floor contains 
a room with an isolated concrete floor slab suitable 
for vibration-sensitive instruments. Here, as was 
described previously, the.energy stored in a metal 
during plastic deformation is being measured. A 
second calorimeter has now been built using the same 
electronic control apparatus to avoid the dead time 
during cooling to room temperature. 

The main metallurgical laboratory on the first 
floor is arranged to allow easy flow of specimens 
through a series of rooms in which, after a rough 
preparation, they are annealed, electrolytically 
polished, etched and examined microscopically on 
either a Vickers projection microscope or a Bausch 
and Lomb metallograph. A laboratory-built X-ray 
set using sealed-off tubes is in an adjoining room. 
To avoid undue congestion, separate dark-rooms are 
provided for microscopes, X-ray sets and other 
apparatus requiring photographic work. A separate 
laboratory for copying and making lantern slides is 
located on the second floor. Offices for two research 
officers are of the unit size 10 ft. x 17 ft. and are 
on the first and second floors. The first-floor chemical 
laboratory houses work on reaction kinetics. Here 
the mechanism of oxidation of hydrocarbons and 
other organic compounds is being studied. This 
work has implications in the field of oxidation and 
deterioration of lubricating oils and other materials. 
The rate of oxidation depends on the gradual forma- 
tion of intermediate substances, for example, per- 
oxides and aldehydes, which have a catalysing effect 
on further reactions. The functions of phenolic 
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additives to oils in inhibiting oxidation are also 
studied. It appears that they are only effective over 
a restricted range of concentration, and outside this 
they may even accelerate the reaction. 

The remainder of the first floor is occupied by 3 
drawing office and a library. Because of the proximit, 
of the University Library, only the most frequent}, 
used thirty journals are obtained by subscription. 
and many more by loan, and the books are most}, 
on specialized subjects related to the research pro- 
gramme. Through the librarian, contact is main 
tained with translation and library services of thx 
Commonwealth Scientific and Industrial Research 
Organization and universities. 

The second floor contains an electronic worksho)) 
and testing room where, for example, amplifiers and 
sealing units for Geiger counters have been made. 
Radioactive tracers have been used for measuring 
the rate of self-diffusion in tin crystals and are now 
being employed in the study of surface diffusion. 
An X-ray Geiger counter spectrometer has _ been 
built to determine the shapes of diffraction lines from 
metal specimens and their change on deformation 
and annealing. This determination needs strict], 
monochromatic radiation, and the photographic 
method is not sufficiently sensitive for measuring 
X-ray intensities. An analysis of the line shapes 
gives information on the lattice imperfections in 
deformed metals. 

The second-floor laboratories house the work on 
surface-chemistry and surface-physics. The structure 
and orientation of layers of fatty acids on metal 
surfaces are being studied with an electron diffraction 
camera, and an investigation of mechanical properties 
of fatty acid layers on water surfaces suggests that 
these are profoundly affected by the presence of 
metallic ions in the layer. Single crystals are used 
in work on catalytic activity. This eliminates the 
effects of crystal boundaries and also distinguishes 
between the effects of the different arrangements of 
atoms in the various surfaces. 

Also on the second floor are a chemical store, an 
office reserved for visiting scientists and a large stafi 
room. The last-named is used by all members of the 
Division for morning and afternoon tea and for 
colloquia and lectures. There are three blackboards 
and a projection screen, normally concealed under 
the window-sills at one end of the room, which, when 
used for lectures, comfortably holds about sixty. 
Here, together with the several other research groups 
in Melbourne, frequent metallurgical colloquia are 
held. " 

Of the total staff of fifty, about half have academic 
qualifications, and these had their initial training in 
a@ variety of subjects. Most of them take part in 
university teaching activities by lecturing, demon- 
strating or tutoring, and also give specialized 
assistance in the research programmes of various 
departments. In the complex research problems in 
pure science and perhaps more so in applied science, 
progress can be made only by an integrated group 
where interchange of ideas among the differently 
trained research workers takes place and experi- 
mental techniques developed in fields so far apart as 
chemical kinetics and metal physics are available. 
The need for a research staff with such a diversity 
of training was recognized early, and its com- 
position has been a feature of the Division since its 
early days. 

1 Boas, W., Nature, 171, 908 (1953). 
* Lloyd, 8. J., and Norris, D. J., J. Sci. Instr., 28, 81 (1951). 
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STRUCTURAL CHANGES IN 
MUSCLE DURING CONTRACTION 


Interference Microscopy of Living Muscle 
Fibres 


By A. F. HUXLEY and Dr. R. NIEDERGERKE* 


Physiological Laboratory, University of Cambridge 





N spite of the numerous investigations which have 


been made into the changes of the striations of 


muscle when it contracts, there is little agreement at 
the present day on either the nature or the significance 
of these changes. Several factors contribute to this 
unsatisfactory position. The only contractions that 
could be studied in living muscle by the earlier 
workers! were the slow waves that occur in freshly 
isolated insect fibres ; the broad striations and small 
diameter of these fibres are favourable for the inter- 
pretation of the microscope image, but the local 
nature of the contractions and the difficulty of 
applying passive stretch make it impossible to say 
whether the changes seen in the striations are accom- 
paniments of ‘activation’, of tension development or 
of shortening. Observations on fixed material, 
whether with visible light or with the electron 
microscope, are also subject to this limitation as well 
as to the uncertainties in the effect of the fixative. 
Isolated fibres from frog muscle, however, give satis- 
factory propagated twitches and tetani, in which 
activation is complete very early after the first 
stimulus?, while tension develops more slowly even 
if the contraction is isometric, and changes of length, 
both during stimulation and in the resting muscle, 
can be controlled by holding the tendon ends. This 
preparation therefore provides a basis for correlating 
visible changes with the sequence of events which 
take place during a contraction, and Buchthal and 
his colleagues* have endeavoured to exploit this 
possibility. Their conclusions are, however, open to 
the objection that they used the ordinary light 
microscope, which cannot be expected to provide a 
reliable image of unstained striations (alternate bands 
of high and low refractive index) the repeat distance 
of which is 2-3 uy, in a fibre of 50-100 uv diameter. 
The phase-contrast microscope is equally unsuit- 
able for a specimen of these dimensions; but an 
interference microscope in which the reference beam 
does not traverse the specimen would be expected to 
give a satisfactory ‘optical section’ of the fibre. An 
instrument of this kind was therefore built, the 
optical components being made to our specification 
by Messrs. R. and J. Beck. The basic principle was 
first described by Smith‘ (see also Huxley’), but 
further developments were incorporated to allow a 
water-immersion objective of n.a. 0-9 to be used. 
Gross refraction effects due to the cylindrical shape 
of the fibre were abolished by adding serum albumin 
to the Ringer’s solution to bring its refractive index 
close to the average value for the fibre contents. A 
solid cone of illumination, n.a. 0-5-0-6, was always 
employed. Ufder these conditions, the fibre was 
completely invisible with ordinary light, but with the 
interference arrangement an excellent image of the 
striations (and also of sarcoplasm, nuclei and 
granules) was obtained. The contrast between A- 
(higher refractive index) and I-bands could be con- 


* George Henry Lewes Student; with support from the Deutsche 


Forschungsgemeinschaft. 
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trolled or reversed by changing the background 

ath-difference between the two beams; the measured 
widths of the bands were independent of this adjust- 
ment (Fig. 1). The fibre was photographed on moving 
film by a series of ten flashes from a discharge 
tube at intervals of about 20 msec., and could be 
stimulated by pulses of current synchronized with 
these flashes. 

Passive stretch. The sarcomere length s could be 
changed by passive stretch or release from about 2-0 
to 4-2 u, the value at the extended length in the body 
being 2-5 u*. Almost the whole of this change of 
length took place in the J-bands (Fig. 2). The 
measured width of each A-band remained constant 
at 1-4-1-5 » except for a fall to about 1-3 u as s was 
reduced in the range 2-5-2-0 1; but this fall may 
well not be real, as its amount is less than the resolving 
power of the optical system. When a fibre was 
stretched rapidly (20-30 per cent in 5 msec.) the new 
ratio of A- to I-band widths appeared to be estab- 
lished without delay (less than 2 msec.). 

Isometric twitches. Fibres were stimulated at a 
wide range of lengths with the tendon ends held 
stationary, and the twitch tensions, measured simul- 
taneously with the RCA 5734 transducer, were 
normal. No change in the widths of the bands could 
be detected, except that when slight shortening of 
the region of the fibre in the field of view took place 
the changes were similar to those in isotonic shorten- 
ing of the same extent. 

Isotonic contractions (Fig. 3). Fibres were photo- 
graphed during twitches and short tetani under 
isotonic conditions, with various initial lengths up to 
3-2 u per sarcomere. As in passive shortening, it was 
the J-bands thet became narrower, the band-width 


(a) 








* = . oe 


Fig. 1. Muscle fibre in negative (a) and positive (6) contrast. 
A-bands (higher refractive index) light in (a), dark in (6). Note 
that the threads of sarcoplasm have a refractive index slightly 
higher than even the A-bands. Sarcomere length, 3-0 « 
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Fig. 2. Passive stretch of a muscle fibre. Positive contrast 
(A-bands dark). Sarcomere lengths indicated beside the photo- 
graphs. Almost all the change of length is in the J-bands (light) 


of A being constant down to a sarcomere length of 
8 = 2-5 and falling only slightly down to s = 2-0 un. 
On further shortening, studied largely by ciné photo- 
graphy of slow contractions induced by constant- 
current stimulation, A-band width decreased definitely 
in all cases; but there were additional phenomena 
which were not the same in every experiment. The 
following sets of changes were observed on several 
occasions : 

(a) Striations became extremely faint on shortening 
beyond a sarcomere length of about 1-8 wu (ef. 
Speidel’). 

(6) The dense band narrowed to about half the 
sarcomere length, after which both bands narrowed 
in proportion. 

(c) At s = 1-8 u, @ very narrow dense band was 
visible at the centre of the former A-band, and on 
shortening to s=1-7 yw additional dense lines 
appeared midway between these (cf. Jordan’s 
observations on stained preparations‘). 

The similarity of the changes during passive 
shortening and during isotonic contraction, and the 
absence of change during isometric twitches, show 
that the changes in the ratio of widths of the A- and 
I-band depend simply on the length of the fibre, and 
are unaffected by ‘activation’ or by tension develop- 
ment as such. The approximate constancy of A-band 
width under a wide range of conditions (including 
shortening within the physiological range) agrees 
with the observations of Krause and of Engelmann’, 
and also with those of H. E. Huxley and J. Hanson 
on separated myofibrils reported in the accompanying 
communication, though it is in conflict with the 
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results of Buchthal e¢ al.*. The natural conclusion, 
that the material which gives the A-bands their high 
refractive index and also their birefringence is in the 
form of submicroscopic rods of definite length, was 
put forward by Krause, and receives strong support 
from the observations reported here. The identi- 
fication of this material as myosin®, and the existence 
of filaments (presumably actin) extending throug) 
the J-bands and into the adjacent A-bands, as show: 
in many electron microscope studies, makes ver, 
attractive the hypothesis that during contraction 
the actin filaments are drawn into the A-bands, 
between the rodlets of myosin. (This point of view 
was reached independently by ourselves and by H. EF. 
Huxley and Jean Hanson in the summer of 1953. 
It has already been mentioned by one of those 
authors'® and is further discussed by them in the 
accompanying article.) 

If a relative force between actin and myosin is 
generated at each of a series of points in the region 
of overlap in each sarcomere, then the tension per 
filament should be proportional to the number oi 
these points, and therefore to the width of this zone 
of overlap. If the myosin rods are 1-5 » long and the 
actin filaments 2-0 yp, the isometric tetanus tension 
should fall linearly as the fibre is stretched over the 





10 wu 





Fig. 3. Muscle fibre during a short isotonic tetanus. Positive 
contrast (A-bands dark). As in passive stretch (Fis. 2), the 
A-bands remain of almost constant width 
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range of sarcomere lengths from 2-0 to 3-5; this is 
in fair agreement with observation". In arthropod 
striated muscle, there is a wide range of sarcomere 
lengths im situ, and narrowness of striation appears 
to be correlated with high speed of contraction". 
This would be expected if the relative velocity 
between actin filaments and myosin rods in any 
one zone of overlap were the same for muscles of 
different sarcomere lengths, since the number of 
sarcomeres shortening in series per unit length is 
inversely proportional to sarcomere length. On this 
basis it would also be expected that the muscle with 
longer sarcomeres would be capable of producing 
a greater tension, but we are not aware of any 
experimental results on this point. 
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Changes in the Cross-Striations of Muscle 
during Contraction and Stretch and their 
Structural Interpretation 


By Dr. HUGH HUXLEY* and Dr. JEAN HANSONt 


Department of Biology, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 


N recent papers'-*, we‘have described evidence 

concerning the location and arrangement of the 
two principal structural proteins, actin and myosin, 
in striated muscle at rest length. This evidence 
indicates that myosin is located in the anisotropic or 
A-bands, in the form of longitudinal filaments about 
110 A. in diameter, spaced out in a hexagonal array 
440 A. apart; these filaments are continuous from 
end to end of the A-band, and appear to be responsible 
for its high density and birefringence. Actin, on the 
othcr hand, is present in both the A-bands and the 
relatively isotropic or J-bands, in the form of filaments 
about 40 A. in diameter; these extend from the 
Z-lines, through the J-bands, and into the A-bands, 
where they lie between the myosin filaments and 
terminate on either side of the H-zone; the myosin 
filaments seem to have a somewhat greater thickness 
in this zone. Hasselbach* has reached similar con- 
clusions about the location of actin and myosin, 
though his concept of the details of their arrangement 
is different from ours. We shall now describe evidence 
that during stretch, and during contraction down to 
about 65 per cent of rest length, the length of the 
A-bands remains constant within the limits of 


* Fellow of the Commonwealth Fund. On leave from the Medical 
Research Council Unit for the Study of the Molecular Structure of 
Biological Systems, Cavendish Laboratory, Cambridge. 

+ Fellow of the Rockefeller Foundation. On leave from the Medical 
eg rig Biophysics Research Unit, King’s College, Strand, 

ndon, W.C.2. 
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accuracy.of our measurements (5-10 per cent), the 
changes in length of the muscle being taken up by 
changes in the length of the J-bands alone ; further 
shortening beyond the point where the J-bands 
vanish (about 65 per cent of the rest length) is 
accompanied by the formation of contraction bands 
where the A-bands have come into contact with the 
Z-lines. These changes appear to take place by a 
process in which actin filaments slide out of or into 
the parallel array of myosin filaments in the A-bands ; 
as shortening proceeds, the actin filaments fold up 
in the A-band, and this folding continues after the 
I-bands have been ‘fully retracted. The myosin 
filaments remain at constant length until forced to 
shorten by excessive contraction of the sarcomeres. 

Previous work on the changes in cross-striation 
accompanying stretch or contraction (reviewed by 
Jordan® and Buchthal, Knappeis and Lindhard*) has 
given results which in general we consider to be 
unreliable, for the following reasons. Observations 
made on intact muscle fibres in conventional light 
microscopes are liable to be misleading because of 
optical artefacts due to the thickness of the fibres. 
(This difficulty has been surmounted by the technique 
described by A. F. Huxley and R. Niedergerke in 
the accompanying paper.) Furthermore, normal 
contraction is so rapid that the changes taking place 
during the process are difficult to see and record. If 
fixed and sectioned material is used, it is possible to 
avoid optical artefacts and the necessity for rapid 
observation, but other kinds of artefacts are intro- 
duced. In spite of all these considerations, a number 
of workers, notably Speidel’, have given accounts of 
changes of band pattern during stretch and con- 
traction which we recognize as generally correct ; 
but they do not establish the details of the changes 
with the precision necessary for satisfactory inter- 
pretation. 

In order to avoid optical artefacts, we have used 
isolated myofibrils about 2 » in diameter prepared 
by blending glycerol-extracted rabbit psoas muscle*. 
They are admirable objects for high-resolution 
microscopy in phase-contrast illumination or polarized 
light, and will contract when treated with adenosine 
triphosphate®. This contraction is a much slower 
process than contraction in vivo, and therefore 
provides favourable circumstances for detailed 
observation of the band changes taking place. The 
evidence that the mechanism of contraction in 
glycerol-extracted muscle treated with adenosine 
triphosphate is similar to that of normal contraction 
in living muscle has already been adequately dis- 
cussed by Szent-Gyérgyi® and Weber and Portzehl’®. 
We have also devised a simple technique for stretching 
isolated fibrils during observation. A suspension of 
fibrils, mounted as a very thin layer on a slide under 
a coverslip, is examined in the microscope until a 
fibril is found with one end embedded in a fibre 
fragment adhering to the coverslip, and its other end 
in a fragment attached to the slide. Movement of 
the coverslip in the appropriate direction will then 
produce the desired stretch or will permit the fibril 
to shorten if adenosine triphosphate is present. Very 
small movements can be produced with great ease 
by gentle pressure on the edge of the coverslip, for 
the thin layer of liquid provides smooth and highly 
viscous lubrication. 

Photographs used for measurement were taken on 
microfile film at a magnification of x 370 or x 550, 
and an apochromatic phase-contrast objective of 
n.a. 1-15 was employed. 
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Myofibrils photographed in phase contrast. Magnification, 4,000 x. Photographs of extracted fibrils are printed so as to give adequate 
contrast, and the fibrils are in fact much less dense than they appear here 
Figs. 1-4. The same four sarcomeres of one fibril photographed during contraction induced by adenosine triphosphate from rest length 
down to 50 per cent rest length, when contraction bands have formed 
Figs. 5 and 6. Stretched fibril (115 per cent rest length) before (Fig. 5) and after (Fig. 6) extraction of myosin 
Figs. 7,8 and 9. Fibrils after extraction of myosin. Fig. 7: rest length. Fig. 8: 90 per cent rest length. Fig. 9: 75 per cent rest 


length 
Figs. 10 and 11. Fibril with contraction bands (50 per cent rest length) before (Fig. 10) and after (Fig. 11) extraction of myosin 


Contraction 


We have studied and obtained photographic 
records of the details of contraction in the following 
systems : 

(1) Fibrils contracting freely at room temperature 
(about 22° C.) in 5 x 10-* M adenosine triphosphate, 
0-1 M potassium chloride, 10-? M magnesium 
chloride, pH 7-0. 

(2) Fibrils contracting freely at room temperature 
in a series of steps achieved by irrigating them with 
a succession of small amounts of a very dilute solution 
of adenosine triphosphate (5 x 10-* M), irrigation 
being stopped as soon as the required degree of 
shortening had taken place. 

(3) Fibrils contracting freely at a low temperature 
(about 2° C.) in adenosine triphosphate in the almost 
complete absence of magnesium ions, when shortening 
takes place very slowly. 

(4) Fibrils contracting as in (1) but held at both 
ends so that shortening is controlled. 

Cinephotography was used for system 1; but in 
systems 2-4 it was possible to take ‘still’ photographs 
on fine-grain film. In the first three systems the 
fibrils were contracting against virtually zero load 
and showed identical changes of band pattern. 
System 4 provided information about isometric con- 
traction, and it was found that the changes of band 


pattern differed in some details from those recorded 
during contraction against zero load. 

During contraction of single fibrils against zero 
load, we have observed the following changes in band 
patterns (illustrated in Figs. 1-4). The J-bands 
shorten from a resting length of approximately 0-8 u 
until they disappear completely. During this process, 
the length of the A-bands remains constant at 
approximately 1-5 u. Changes of density within the 
A-band do, however, occur. The H-zone, originally 
of low density, first becomes indistinguishable from 
the rest of the A-band, and is then replaced (at 
about 85 per cent rest length) by a narrow zone 
which is denser than the rest of the A-band. Ata 
slightly shorter sarcomere length (about 80 per cent 
rest length), a very dense line becomes visible at 
either end of the A-band. The overall density of the 
A-bands decreases as the fibril diameter increases 
during shortening. When the J-bands disappear at 
about 65 per cent rest length, contraction bands 
form at the lines of contact of adjacent A-bands. It 
is interesting to note that contraction down to 65 per 
cent of the rest length covers the usual range of 
physiological shortening. With the further shortening 
which can usually be produced in isolated fibrils, the 
contraction bands become denser; during this pro- 
cess (or in some cases just before the J-bands dis- 
appear) the dense zone in the middle of the sarcomere 
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splits into two lines which merge with the incoming 
contraction bands at approximately 30 per cent 
rest length. 

Fibrils prepared from muscle which was allowed 
to shorten to equilibrium length (~ 80 per cent 
rest length) before glycerol extraction usually lack 
the H-zones characteristic of rest-length fibrils, and 
have correspondingly shorter sarcomere lengths. 
Suspensions of untreated fibrils also include some 
specimens with sarcomere lengths down to about 
65 per cent of the rest length. Contraction pre- 
sumably took place while the muscle was still 
excitable before glycerol extraction. Such fibrils 
exhibit the same characteristic band patterns and 
band lengths as those recorded for each sarcomere 
length during contraction induced by adenosine 
triphosphate. 

During isometric contraction of isolated fibrils in 
adenosine triphosphate (achieved by holding the ends 
of the fibrils) the lengths of the A- and I-bands do 
not change. However, a narrow dark zone appears 
in the centre of the A-band (as in free contraction) 
as though some translation of material within the 
sarcomere were taking place, presumably accom- 
panied by stretch of a series elastic component. 
This phenomenon is not observed in fibrils that are 
attached along their whole length to the coverslip or 
slide. 
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Stretch 


We have found that isolated fibrils can stretch by 
two different processes, depending on whether the 
fibril has been ‘plasticized’!®, or whether it is being 
extended while in rigor or while it is exerting a large 
contractile force. In each case, however, only the 
I-bands change in length; the A-bands remain at 
constant length. 

If fibrils are stretched at 2° C., in the absence of 
magnesium ions and in the presence of rather high con- 
centrations of adenosine triphosphate (about 10-* M) 
—conditions which favour the plasticizing action of 
adenosine triphosphate rather than its contracting 
effect!*°—then the J-bands increase in length. The 
length of the A-band remains unchanged, but its 
central region becomes somewhat less dense, as 
though the H-zone were lengthening ; the length of 
this less dense region increases as stretch proceeds. 
This process is perfectly reversible : stretched fibrils 
can be allowed to shorten until contraction bands 
form, and then re-extended. 

If fibrils are stretched without any previous treat- 
ment, or in the presence of 10-* M adenosine tri- 
phosphate and 10-* M magnesium chloride at room 
temperature, when contraction is strong, then it is 
still the ZJ-bands alone which increase in length. 
However, this increase is now not accompanied by 
any decrease in density of the central part of the 
A-band ; on the other hand, the Z-lines now become 
appreciably fainter in spite of the fact that the 
diameter of the fibril is decreasing. (In the first 
type of stretch the Z-lines remain normal.) This 
suggests that some stretch is occurring in the region 
of the Z-line. This type of extension is also reversible. 

We believe that the second type of stretch extends 
the series elastic component (Hill'!), whereas the 
first type of stretch produces semi-plastic extension 
as in relaxed muscle. 

The appearance of stretched muscle has also been 
investigated by examining fibrils prepared from 
fibres which were stretched immediately after 
temoval from the rabbit. Such preparations contain 
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a very high proportion of fibrils with long I-bands 
and the characteristic long zone of low density in 
the middle of each A-band (Fig. 5). We have made 
several hundred measurements of the lengths of A- 
and I-bands on such fibrils and can detect no sig- 
nificant difference in the lengths of A-bands from 
those found in fibrils with the shorter I-bands typical 
of rest length. These observations provide some 
evidence that the band pattern changes associated 
with stretch in whole living muscle fibres are similar 
to those seen in isolated fibrils which have been 
plasticized. Much more powerful evidence for this is 
described in the accompanying paper by A. F. Huxley 
and R. Niedergerke, to whom we are indebted for 
early reports of their results. 


Myosin Extraction after Stretch and after 
Contraction 


We have extracted myosin from fibrils of different 
sarcomere lengths by methods similar to those 
described previously’. In these earlier studies a dark 
zone always remained in the centre of the A-band of 
rest-length fibrils after extraction, although the 
density of the rest of the A-band was reduced to 
that of the J-band. Electron microscope studies 
showed that the dark band still contained the thicker 
filaments which elsewhere in the A-band had been 
removed. Hasselbach* has shown that this dark 
band disappears during prolonged myosin extraction, 
and we have found that this process can be accelerated 
by using 0-1 M pyrophosphate, 10-* M magnesium 
chloride, pH 7-0. Accordingly, in the present studies 
we have employed this method for extracting all the 
myosin. 

The appearance of fibrils extracted at different 
degrees of stretch and contraction is shown in 
Figs. 6-9 and 11. The ‘ghost’ fibril consists of a faint 
backbone structure (which we believe consists largely 
of actin) the density of which is about the same as 
that of the original J-bands; the Z-lines are also 
still visible. In fibrils at rest length, an apparent 
gap is observed in place of the original H-zone 
(Fig. 7). In stretched fibrils, where there was 
originally a longer zone of low density in the centre 
of the A-band, the length of the gap is correspondingly 
greater (Fig. 6). The ghost fibrils are, however, still 
structurally continuous; stretched fibrils shorten 
spontaneously to a little less than rest length during 
extraction unless stuck to slide or coverslip; they 
may be reversibly extended again. This can be done 
with great ease, and it is apparent that only a very 
weak force opposes such a stretch ; the gap elongates 
in the process, but the length of the material extending 
from the Z-line to the edge of the gap remains con- 
stant; that is, no stretching of an elastic component 
in the I-band region now occurs. 

The ghosts obtained from contracted fibrils in 
which the H-zones had just disappeared have no 
gaps in the centres of the sarcomeres (Fig. 8). Fibrils 
which had shortened until dark lines appeared in the 
middle of the A-bands retain these lines after 
thorough extraction of myosin (Fig. 9); these dark 
lines are also present in ghosts from more strongly 
contracted fibrils (Fig. 11). 

None of these: ‘ghosts’ will contract when treated 
with adenosine triphosphate. 


Electron Microscopy 


We have made a preliminary examination in the 
electron microscope of thin sections of stretched, 
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contracted and myosin-extracted muscles prepared 
by the methods described elsewhere*’!*, and we have 
obtained results which, so far as they go, are in 
complete agreement with those obtained by light 
microscopy. This technique does not readily permit 
of reliable measurements of the lengths of sarcomeres 
or bands, for, apart from fixation artefacts, an 
unknown amount of compression is always present 
in even the best thin sections. In sections of stretched 
muscle, the majority. of the A-bands show the 
characteristic long central region of low density (also 
observed by Philpott and Szent-Gyérgyi!*) ; we find 
that the secondary array of thin (40 A.) filaments? is 
absent from this zone. In stretched muscle which 
has been subjected to myosin extraction the thick 
(110 A.) primary filaments are absent, and gaps 
apparently exist between the groups of thin (40 A.) 
filaments associated with successive Z-lines. In 
sections of glycerol-extracted muscle contracted in 
adenosine triphosphate, we have observed the same 
variety of band patterns seen in the light microscope. 
Up to the point where the J-bands disappear, the 
primary array of thick filaments remains apparently 
unchanged ; and when contraction bands have been 
formed, the primary filaments between them are still 
straight. Our fixation of the secondary filaments has 
not yet been sufficiently good to allow us to describe 
adequately any changes, apart from translation into 
the A-bands, that may have taken place in them during 
contraction. During stretch of living muscle, how- 
ever, the approximately 400-A. axial period seems to 
remain unchanged; a similar result was obtained 
by low-angle X-ray diffraction studies’. 


Conclusions 


We believe that most of these changes in the cross- 
striations of muscle during stretch and contraction 
may be adequately described in terms of the following 
fairly simple model: The backbone of the muscle 
fibril is made up of actin filaments which extend 
from the Z-line up to one side of the H-zone, where 
they are attached to an elastic component (not the 
series elastic component) which for convenience we 
will call the S-filaments. The S-filaments provide 
continuity between the set of actin filaments associ- 
ated with one Z-line and that associated with the 
next. The series elastic component is provided either 
by the actin filaments themselves or, more probably, 
by their mode of attachment to the Z-line. Myosin 
filaments extend from one end of the A-band, through 
the H-zone, to the other end of the A-band, and 
their length is unaltered by stretch or by contraction 
down to the point where the sarcomere length is 
equal to the length of the A-band ; when contraction 
beyond this point takes place, the ends of the myosin 
filaments fold up and contraction bands form. Thus 
myosin and actin filaments lie side by side in the 
A-band and, in the absence of adenosine triphosphate, 
cross-linkages will form between them; the S-fila- 
ments are attached to the myosin filaments in the 
centre of the A-band by some more permanent 
cross-linkages. 

In this model, plastic stretch takes place when the 
actin filaments are partly withdrawn from the 
A-band, leaving a long lighter central region and 
stretching the S-filaments in the process. Only the 
I-bands and the H-zones increase in length, the 
length of A-band remaining constant. This process 
would be inhibited by cross-linkages between the 
actin and myosin filaments ; there is good evidence’® 
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that muscles are only readily extensible when such 
linkages are absent. When they are present, stretch 
would take place by extension of the series elastic 
component ; in our model, this would again lead to 
an increase in the length of the J-band, but in this 
case no change in the length of the H-zone would 
take place. Contraction takes place in this molel 
when the actin filaments are drawn into the A-hand 
(until the H-zone is filled up) and are then folde:i up 
in some way to produce more extensive shortening. 
Thus, when the model is allowed to shorten, only the 
I-bands decrease in length until adjacent A-bands 
are pulled into contact with the Z-lines. When con- 
traction is isometric, translation of actin filaments 
into the A-bands is accompanied by stretch of the 
series elastic component. It will be seen that in both 
stretch and contraction the behaviour of this model 
reproduces the observed behaviour of muscle quite 
faithfully. 

A possible driving force for contraction in this 
model might be the formation of actin—myosin link- 
ages when adenosine triphosphate, having previously 
displaced actin from myosin, is enzymatically split 
by the myosin. In this way, the actin filaments 
might be drawn into the array of myosin filaments 
in order to present to them as many active groups 
for actomyosin formation as possible ; furthermore, 
if the structure of actin is such that a greater number 
of active groups could be opposed to those on the 
myosin by, for example, a coiling of the actin fila- 
ments, then even greater degrees of shortening could 
be produced by essentially the same mechanism. 
The model will remain contracted as long as the 
splitting of adenosine triphosphate continues ; it will 
relax if the splitting stops and more adenosine 
triphosphate diffuses in, breaking actomyosin link- 
ages and allowing the muscle to be re-extended. 
However, our results by no means require that 
contraction and relaxation be brought about in this 
way; and indeed, in the light of recent studies on 
actin'*-5, it would not be surprising if other pro- 
cesses are also involved. Furthermore, our results 
cannot exclude the possibility that repetitive con- 
figurational changes take place within the myosin 
filaments during contraction, unaccompanied by any 
overall change in the length of those filaments, and 
that these changes somehow bring about the observed 
movement of the actin filaments into the A-band. 

These results will be described in greater detail 
elsewhere. We are much indebted to Prof. Francis 
O. Schmitt for his encouragement of this work, and 
to the Commonwealth Fund and the Rockefeller 
Foundation for their support. 
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OBITUARY 


Sir David Chadwick, K.C.M.G., C.S.I., C.I.E. 


THe death of Sir David Chadwick on April 26 will 
be mourned throughout the British Commonwealth 
and indeed beyond. A man of vision and infectious 
enthusiasm, and with the great gift of lucid and 
persuasive presentation, he effected, quietly and 
imperceptibly except to a few initiates, a small but 
veritable revolution in Commonwealth relations. 

Chadwick left the Indian Civil Service for family 
reasons while still in full vigour and with member- 
ship of the Viceroy’s Council in prospect. He was 
forthwith, in 1927, appointed secretary of the 
Imperial Economic Committee. In the following 
year he added to this post the secretaryship of 
the Council of the Imperial Agricultural Bureaux. 
Indeed, he was the skilful midwife and patient nurse, 
if not the begetter of this organization, which is 
remarkable not only for the acknowledged excellence 
of its work in making available to the Commonwealth 
and the world at large the progress of research in 
the agricultural sciences, but also because it exem- 
plified in its origin an entirely novel form of inter- 
governmental co-operation. 

The Imperial Economic Committee, when Chad- 
wick came to it, was, despite its name, a ‘Whitehall 
baby’, created and financed by H.M. Government in 
the United Kingdom. True, the other Governments 
of the Commonwealth were invited to nominate, and 
did nominate, representatives to sit on the Com- 
mittee, and the Committee’s reports were addressed 
to all the Governments. Nevertheless, the Com- 
mittee was, in fact, solely the responsibility of the 
United Kingdom Government. But when the idea 
of the Imperial Agricultural Bureaux was conceived, 
Chadwick accomplished a veritable tour de force. 
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Recognizing the advance in Commonwealth relations 
implicit in the pi i of the 1926 Imperial 
Conference, which ultimately was made explicit in 
the Statute of Westminster, Chadwick: drafted a 
scheme whereby all the Commonwealth Governments 
were to become true partners in erecting, financing 
and administering the new organization. Then he 
circulated his draft and expounded it with a per- 
suasiveness and enthusiasm that begat conviction. 
So was born, largely by the efforts of one man, a 
unique Commonwealth partnership. 

A few years later, when after the Ottawa Con- 
ference the Empire Marketing Board was disbanded, 
the Commonwealth Governments asked the Imperial 
Economic Committee to carry on a large part of the 
Board’s intelligence services as a co-operative 
Commonwealth enterprise, and decided to recon- 
stitute the Committee on the Imperial Agricultural 
Bureaux model. Thus came into being a second 
Commonwéalth co-operative organ. With an ex- 
panded but remarkably economical staff, Chadwick 
carried out the Committee’s old and new functions 
with consummate success. The output of regular 
intelligence reports, weekly, monthly, quarterly and 
annually, and of ad hoc reports and world surveys, 
was interrupted by the outbreak of war. “The work of 
the Imperial Agricultural Bureaux, however, was con- 
tinued, and Chadwick remained at his post with a 
skeleton staff until peace returned and he could at 
last hand on the torch to his successors. 

Chadwick had a passionate faith in the British 
Commonwealth—a faith that moved mountains. His 
shade will walk the Elysian fields happily and buoy- 
antly, if the two Commonwealth organs, which owe 
him so much, continue to serve the Commonwealth 
and constitute for him a monument aere perennius. 

ALAN GREEN 


NEWS and VIEWS 


Royal Society: New Foreign Members 


THE election of Prof. Karl von Frisch, Prof. Otto 
Loewi, Prof. Karl Manne Georg Siegbahn and Dr. 
Otto Struve to foreign membership of the Royal 
Society was announced in Nature of May 8. The 
following notes survey very briefly the main fields of 
their scientific activities. 

Prof. Karl von Frisch 


Tue work of Prof. Karl von Frisch, of Munich, 
has influenced our whole understanding of the 
chemical and visual senses of insects and other 
animals. In the past few years he has made out- 
standing contributions to our knowledge of behaviour 
with his studies on the methods of communication 
and orientation among worker honey bees. In 1919 
von Frisch showed that bees could be trained to 
distinguish with high accuracy a great many different 
tastes and odours, and that the chemical senses of 
bees are in some respects similar to those of verte- 
brates. By a long series of conditioning experiments, 
he also showed that bees have well-developed colour 
vision, and he was able to establish with a consider- 
able degree of accuracy the wave-lengths to which 
bees’ eyes are sensitive. In 1923 he showed that 
information about the existence of rich sources of 
food discovered by a foraging worker could be com- 
municated to other members of the colony by means 
of a characteristic form of dance executed on the 


surface of the comb. This was followed by a series 
of papers (1946-51), from which it appeared that the 
methods of communication and orientation among 
bees reach a degree of precision and complexity 
hitherto undreamt of. He discovered the methods 
by which bees estimate the distance of the source 
and showed how they interpret information supplied 
by the returning workers. He established that land- 
marks are utilized for orientation, and above all he 
showed that the bee’s eye is sensitive both to the 
plane and intensity of the polarization of light 
reflected from the unclouded sky. Bees are able to 
use these means of orientation even when the sun 
itself is invisible, and to retain in their memories, for 
a period of days, a pattern of polarization presented 
by the sky at a given time of day and to take 
into account the alteration of this pattern[with the 
change in position of the sun. 


Prof. Otto Loewi 


Pror. Orro Lorw1 is best known for his work on 
the liberation of pharmacologically active substances 
at nerve endings. - The similarity between the actions 
of certain drugs and the actions of autonomic nerves 
had suggested to various people that autonomic 
nerves might actually liberate drugs at their endings, 
but it was not until 1921 that Loewi, who was then 
professor of pharmacology in Graz, overcame the 
formidable difficulties of actually proving this to be 
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the case and convincing the sceptics who were unable 
to repeat his experiments: He showed that sym- 
pathetic nerves and parasympathetic nerves liberated 
substances resembling adrenaline and acetylcholine, 
respectively. He showed that the latter substance 
was destroyed by an enzyme and that this enzyme 
was inhibited by physostigmine, and as the years 
went by and others became interested, he made many 
other discoveries in this field. He was awarded a 
Nobel Prize in 1936 jointly with Sir Henry Dale for 
this work. He left Austria when the Nazis arrived 
and now lives in New York, where he celebrated his 
eightieth birthday last year. He is still an active 
thinker, full of new ideas and able to take the lead 
at great gatherings such as the symposium in Phila- 
delphia in September 1953, which was entirely 
devoted to the phenomenon to which he gave the 
name of neurohumoral transmission. The account of 
this symposium occupies 130 pages in Pharmaco- 
logical Reviews. 


Prof. K. M. G. Siegbahn 


THe discovery of the diffraction of X-rays by 
crystals, by Laue, Friedrich and Knipping in 1912, 
opened up two main avenues in physics—the investi- 
gation of the structure of matter on the atomic scale, 
and the study of the structure of atoms themselves. 
This latter subject originated in the work of Moseley, 
but in its detailed exploration and development the 
name of Siegbahn is pre-eminent; he made it his 
aim to measure as precisely as possible the wave- 
lengths of all the lines in the X-ray spectra of the 
elements, and his results gave complete support to 
the Bohr model of the atom and enabled orbital 
energies to be precisely measured. He verified the 
existence of Barkla’s K and I radiations, and dis- 
covered a further series of lines—the M radiation. 
His work was carried out with typical Swedish 
thoroughness ; he worked to an accuracy of a second 
of arc when others were satisfied with minutes; he 
made X-ray tubes which served as models for other 
departments ; he made significant contributions to 
the design of vacuum pumps, in particular the 
molecular pump. All types of precision instruments 
seem to delight him. His own work reached a peak 
in 1916; but since then he and his various schools 
at Lund, Uppsala and Stockholm—where he was 
made professor of physics in 1920, 1923 and 1930, 
respectively—have exerted a profound influence on 
the subject of the spectroscopy of X-rays, particu- 
larly, in recent years, of soft X-rays. His book, 
“‘Spektroskopie der Réntgenstrahlen”’, which appeared 
in 1924 and was translated into English in 1925, is 
still the standard text-book on the subject. Prof. 
Siegbahn was awarded the Nobel Prize for Physics 
in 1924, the Hughes Medal of the Royal Society in 
1934 and the Rumford Medal in 1940. It is pleasant 
that his connexions with Britain should now be 
strengthened by his election as a foreign member of 
the Royal Society. 


Prof. Otto Struve 


Pror. Orro Srruve is of the fourth generation 
of distinguished astronomers. He is a Gold Medallist 
of the Royal Astronomical Society, as were his 
great-grandfather, his grandfather and his uncle 
before him. His father was professor of astronomy 
in the University of Kharkov and died in 1920. 
In 1923 Otto Struve published his first astronomical 
paper on “The Double Star 9 Argus”, from observa- 
tions made with the Bruce spectrograph of the 
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Yerkes Observatory. From then onwards there has 
flowed from his pen a series of papers on spectro- 
scopic binaries, the radial velocities of B-type stars, 
the relation between the intensity of the interstellar 
K line with stellar distance, and the absolute mag- 
nitudes of B-type stars; the contours of lines in 
rapidly rotating stars was also examined by him. 
Other subjects that he has treated in numerous papers 
have included shell stars and the dilution of radiation 
from a central star passing through outer layers of 
gas, stars with peculiar spectra, an explanation of 
anomalies in the spectra of binary stars in terms of 
streams of gas passing between the stars, and the 
brightness of galactic nebule. His output has been 
enormous despite heavy administrative labours as 
director of the Yerkes Observatory since 1932 and 
in addition of the McDonald Observatory since 1939. 
He has recently retired to a less strenuous (adminis- 
tratively speaking) post as director of a research 
department in the University of California at 
Berkeley, but happily he continues to publish his 
researches. He is at the moment president of the 
International Astronomical Union. 


American Academy of Arts and Sciences 

At the annual meeting of the American Academy 
of Arts and Sciences, held in Boston on May 12, 
Prof. J. E. Burchard, professor of humanities and 
dean of the School of Humanities and Social Studies, 
Massachusetts Institute of Technology, was elected 
president of the Academy. The following, among 
others, were elected foreign honorary members : 
Prof. N. F. Mott, Cavendish professor of experi- 
mental physics, University of Cambridge; Sir 
Edward Bullard, director of the National Physical 
Laboratory, Teddington; Sir Harold Jeffreys, 
Plumian professor of astronomy and experimental 
philosophy, University of Cambridge; Prof. A. von 
Muralt, professor of physiology, University of Berne ; 
Dr. W. J. Schmidt, director of the Zoological Insti- 
tute, Giessen; and Sir John Davidson Beazley, 
professor of classical archeology, University of 
Oxford. 


The University of Hull 

AT a meeting of the Privy Council on May 13, 
official notification was given that H.M. the Queen 
had approved of the granting of a charter constituting 
and founding the University of Hull. The University 
College of Hull was founded in 1927 by the Right 
Hon. T. R. Ferens and was opened to students on 
October 11, 1928. In 1952 there were 917 full-time 
and 68 part-time students, 108 postgraduate students 
taking the certificate in education and 21 engaged in 
research. The first chancellor of the new University 
will be the Right Hon. Lord Middleton, president of 
the present University College; and the first vice- 
chancellor will be “fr. J. H. Nicholson, principal of 
University College. Those students at Hull who are 
sitting for their final degree examinations this year 
will take those of the University of London ; present 
first- and second-year students will be given the 
option of taking either the London or the Hull degree ; 
all new entrants must take the Hull examinations. 


Gilbert White Memorial Fund Appeal 

“THe Waxes’’, Selborne, former home of Gilbert 
White, “father of English natural history’’, has recently 
come into the market. Colonel J. D. Bibby, the 
owner, has generously consented to give a number of 
residents in the area the first refusal of the property, 
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and the National Trust has agreed to accept it for 
permanent preservation, provided that the funds 
necessary for its purchase can be raised and sufficient 
endowment secured for its maintenance. The property 
consists of ‘““The Wakes’, 27 acres of parkland, and 
eight contemporary cottages which add much to 
the beauty of Selborne. The purchase price is 
£12,000. It is intended to restore the house, so far 
as is practicable, to its original condition. The 


National Trust has made an estimate of the amount of 


endowment necessary to keep the restored ‘‘Wakes”’ 
in good repair, and these items amount together to 
£12,500. An appeal has now been launched for a 
total of £24,500. It is proposed that ““The Wakes” 
should then be occupied by a custodian appointed 
by the National Trust, and—together with its 
gardens and park——-be open to the public. It would 
become a local centre of natural history, and a 
museum of the personal effects of Gilbert White and 
of the antiquities of Selborne. In this connexion it 
may be mentioned that Dr. W. 8. Scott has offered 
his extensive collection of manuscripts and books 


connected with White, and no doubt more objects of 


interest would be forthcoming. Donations should be 
sent to the Treasurer, National Provincial Bank, 
Ltd., Alton, Hants. 


Astronomy Mural in the Science Museum, London 


Mr. A. R. Toomson, R.A., has completed a painting 
on astronomy to decorate a wall in the entrance hall 
of the Science Museum, London, near the well-known 
Foucault pendulum. Mr. Thomson was given carte 
blanche to depict the subject of ‘Astronomy’, and he 
has chosen as his main theme the invention and 
development of the telescope. On the left the small 
sons of Dutch spectacle-makers are playing with 
combinations of pairs of lenses, while sailing ships in 
port in the background indicate the development of 
peaceful trade. In the centre of the picture Galileo 
is using his telescope, ministered to by three rather 
bewildered ladies. On the right the distrust 
and suspicion of this early period is shown 
by figures of authority against a back- 
ground of burning books. The 
whole picture is dominated by 
the great two-hundred-inch 
Hale telescope, and the 
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sky behind is an animated representation of 
heavenly bodies among the figures of the constella- 
tions. The picture measures about 24 ft. by 15 ft., 
and its irregular shape was dictated by the shape 
of the wall to be filled. 


Oil Pollution of the Sea 

At the invitation of the United Kingdom Govern- 
ment, an international conference on the prevention 
of oil pollution of the sea was held in London during 
April 26-May 12 and attended by delegations and 
observers from forty-two Governments. At the con- 
clusion of the conference a convention was agreed, 
the main provision of which is the prohibition of 
discharge of oil and oily mixtures in certain agreed 
zones. ‘The convention applies to all registered sea- 
going ships except those which are for the time being 
used as naval auxiliaries, those under 500 tons, and 
those used as whalers. (In a resolution, however, it 
was recommended that the principles of the con- 
vention should be applied so far as is reasonable and 
practicable to the ships to which the Convention does 
not apply.) Tankers are prohibited from discharging 
oil and oily mixtures within the specified zones as 
soon as the convention comes into force, but for 
other ships it is stipulated that discharge shall be 
made so far as practicable from land, and after three 
years they are prohibited from discharging within 
specified zones (which differ slightly in extent from 
those laid down for tankers). Twelve months after 
the convention comes into force, all ships will be 
required to be fitted with devices to prevent the 
escape of fuel oil or heavy diesel oil into bilges unless 
there is an oil separator on board through which 
bilges can be passed before discharge into the sea, 
and three years after the convention comes into 
force the contracting Governments shall ensure the 
provision of adequate facilities for the reception of 
oil and oily waters at the main ports. Provision is 
made for dealing with contraventions, amendments, 
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exchange of information, etc., and exceptions are 
made for special circumstances such as saving life at 
sea, damage to ships and so on. 

The convention will come into force twelve months 
after the date on which no less than ten Governments 
have adhered, including five Governments each with 
not less than 500,000 gross tanker tonnage. In 
addition to the convention, the conference adopted 
eight resolutions which are submitted to the Govern- 
ments and other bodies concerned for consideration 
and appropriate action, which included a recom- 
mendation that a further conference to review the 
matter in the light of experience of the working 
arrangements recommended by the conference should 
be held within three years. 


The Mammal Society of the British Isles 


THE study of British mammals has undoubtedly 
been handicapped by the lack of a national scientific 
society devoted to the subject. At a conference held 
at the University of Birmingham during April 23-26, 
the appropriate organization, to be known as the 
Mammal Society of the British Isles, was brought 
into being, and the first officers and provisional com- 
mittee were elected. In welcoming those present, 
S. Zuckerman emphasized the reciprocity of field 
and laboratory studies and stated that the Society 
would be of considerable value to experimentalists 
as well as to naturalists. This theme was developed 
in the opening paper by Alastair N. Worden on ‘““The 
Study of Mammals’’, in which the need for codifying 
knowledge and the interest of mammalogy to those 
engaged in agriculture, forestry, conservation, pest 
control, veterinary science and human medicine were 
also discussed. It was suggested that a work devoted 
to mammals on the British list, comparable in status 
to the “Handbook of British Birds’, although not 
necessarily modelled on similar lines, would fulfil an 
important gap and might be prepared on behalf of 
the Society as knowledge permitted. Other papers 
presented at the conference were on the trapping of 
small mammals (H. N. Southern), bats (M. Black- 
more and J. H. D. Hooper), shrews (Peter Crowcroft), 
seals (R. M. Lockley), badgers (E. G. Neal and H. R. 
Hewer) and the work of the Merelewood Research 
Station, Nature Conservancy, by its director, K. R. 8. 
Morris. 

The following were elected officers of the Society : 
President, the Earl of Cranbrook; Chairman, 
A. N. Worden; Hon. Secretary of the Scientific 
Advisory Committee, H. N. Southern ; Hon. Treasurer, 
H. G. Hurrell; Hon. Secretary, T. J. Pickvance, 
Department of Extra Mural Studies, University of 
Birmingham, Edmund Street, Birmingham, 3. The 
remaining members nominated to form the pro- 
visional committee were: K. R. 8. Morris, H. V. 
Thompson, Peter Crowcroft, R. M. Lockley, M. 
Blackmore. The annual subscription has been fixed 
at one guinea, and further details can be obtained 
on application to the Hon. Secretary at the address 
given. 


Vitamin Standards for Margarine 


ActTING on the advice of the Food Standards Com- 
mittee, the Minister of Food, Major the Right Hon. 
Gwilym Lloyd-George, has made the Food Standards 
(Margarine) Order, which requires that Vitamins A 
and D shall continue to be added to all margarine 
sold by retail. The Order, which came into force 
on May 16, prescribes that ine shall contain 
between 760 and 940 international units of vitamin A 
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per ounce and between 80 and 100 international units 


of vitamin D per ounce. This vitamin A content is 
roughly equivalent to that of butter. The required 
vitamin D content remains the same (apart from a 
tolerance of 10 per cent) as under control. The 
Order prescribes the method of analysis to be used for 
determining the vitamin A content of margarine. In 
view of the difficulties involved in the estimation of 
vitamin D in margarine, it has been agreed with the 
manufacturers that they will add the vitamins in the 
form of a ‘master mix’. A master mix should consist 
of an edible vegetable oil containing either vitamin A 
and vitamin D, or provitamin A and vitamin D. The 
manufacturers of vitamins in Britain have agreed to 
produce master mixes for this purpose containing 
vitamins A and D in the ratio of 940: 100. Provided 
this ratio is observed, manufacturers are free to vary 
the composition of each master mix and the directions 
for its use according to the requirements of the 
margarine manufacturer. Any edible vegetable oil 
may be used as a diluent. 


Energy Resources of Great Britain 


In his presidential address delivered on April 8 to 
the Institute of Fuel, entitled “Energy for Britain 
the Decades Ahead”’, Dr. Idris Jones has ventured a 
prophetic role in his comprehensive review of the 
trends in the development and use of fuel and energy 
from which the possibilities of the future may be 
envisaged. Coal is the primary source of energy in 
Great Britain; 25 x 10*® tons have been mined up 
to now, and reserves of barely twice this amount 
still remain. Deposits of peat in the whole country 
are equivalent only to twenty years of coal pro- 
duction. For oil fuel, Britain will have to continue 
to rely on overseas supplies, and the duration of such 
supply may amount to another hundred years. The 
future production of thermal-electric power from coal 
may be generated at an efficiency of 37 per cent in 
large units of several hundred megawatts capacity. 
Complete electrification will be a feature of future 
coal-mining, which will be just as important in 
A.D. 2000 as it is to-day. Though the potentialities 
of generating hydro-electric power in Britain are 
small, interconnexion of power supplies between 
Britain and the Continent of Europe would be 
favourable. Of the other sources in Britain, wind- 
power is being investigated seriously, solar energy 
offers little at present, but heat pumps may do so. 
A new form of ‘fuel’ cell, using strontium-90, a 
fission product in an atomic pile, is now being 
developed, and nuclear energy should come to the 
rescue of disappearing coal reserves. Finally, a 
valuable detailed review is given by Dr. Jones of the 
probable future increases in fuel-burning efficiency 
during the next fifty years, whereby the current 
figure of about 35 per cent may increase to 45-50 
per cent. 


Bananas 

For many years species of seemingly close affinity 
with the banana had all been classified within the 
genus Musa. For some of the species, however, the 
genus Hnsete had been proposed in 1862. This 
received little recognition until E. E. Cheesman (Kew 
Bull., No. 97; 1947) pointed out that its members 
differed from the true bananas in being mainly African 
in distribution, in being. monocarpic, in having a 
basic chromosome number different from bananas, 
and in the large size of their seeds. The true bananas 
are generally held to be of Indo-Malaysian origin. 
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In @ renewed investigation of the African species, 
R. i. D. Baker and N. W. Simmonds (Kew Bull., No. 3, 
405; 1953) reaffirm the validity of the genus Lnsete 
and give a fully annotated conspectus of the species 
and also some interesting and important botanical, 
geographical and archzological information. Ensete 
edule, for example, was extensively cultivated for 
food in marshy lands in southern Egypt during a 
warm, wet climatic phase in Neolithic times and is 
portrayed on the pottery of the period. Because of 
its excellent fibre it may also have yielded the 
materials from which the royal linen was woven in 
later periods. 

The inflorescence of the banana and some related 
genera is @ very unusual and complex one and has 
been variously interpreted and described by different 
botanists. In a@ recent paper, in which the inception 
and development of the flower buds have been 
closely studied, A. Fahn (Kew Bull., No. 3, 299; 1953) 
concludes that the inflorescence of Musa has prob- 
ably passed through many more evolutionary changes 
than that in any of the related genera. In Ravenala, 
Strelitzia and Heliconia the flower clusters are 
arranged in cincinni. In relation to the facts now 
available, the view emerges that the flower groups 
in Musa have developed from cincinni and that the 
whole inflorescence—which becomes the banana 
bunch—consists of an axis, with spirally arranged 
bracts, in the axil of each of which a cincinnus is 
borne. 
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Chelsea Polytechnic 

THe contribution made by leading technical 
institutions to the country’s need for technologists 
and technicians is well shown by the statistics set 
out in the fifty-eighth annual report of Chelsea 
Polytechnic. In 1952-53 there were 775 full-time 
day students, 330 part-time day students and 1,729 
evening students. Of these, no fewer than 848 were 
registered students of the University of London. 
Six students were successful in obtaining doctorate 
degrees, nineteen obtained their M.Sc.’s, while sixty- 
two obtained B.Sc. (special) degrees. The geo- 
graphical distribution of the students at the Chelsea 
Polytechnic shows the remarkably wide area from 
which they are drawn. In addition to most English 
counties, full-time students come from Scotland (4), 
Wales (19), British overseas Dominions and Colonies 
(74), and various foreign countries (98). 


French Fisheries Congress in Algiers 

Tue fifteenth French National Congress of Fisheries 
and Maritime Industries will be held in Algiers during 
June 21-27 under the auspices of the Society for the 
Professional and Technical Instruction in Maritime 
Fisheries in conjunction with the French Society for 
Economic Geography. Among the subjects to be 
discussed at the Congress will be scientific studies ; 
legislation and economic studies; equipment; dis- 
tribution of fish ; by-products; preservation of fish 
(salting, smoking and drying); refrigeration; and 
culture of shell-fish. The bias of these studies will 
be towards problems specifically relating to French 
North Africa, but one session will deal with fish 
from other countries. Further information can be 
obtained from M. André Calandreau, 34 rue de 
Bassano, Paris 8°. 


Colonial Service : Recent Appointments 


Tue following appointments have recently been 
made in the Colonial Service: J. A. Austin (agri- 
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cultural officer, Gambia), director of agriculture, 
Gambia ; I. Sibson (senior agricultural officer, Gold 
Coast), assistant director of agriculture, Gold Coast ; 
D. M. Montgomerie (assistant meteorologist, Nigeria), 
meteorologist, Nigeria; J. Dore, botanist (plant 
physiologist), Federation of Malaya; B. E. Mounter, 
plant breeder, Northern Rhodesia; I. A. Black, 
assistant conservator of forests, Nigeria; B. Brand, 
grassland ecologist, Department of Soil and Land 
Use Survey, Gold Coast; R. H. Eldridge, meteor- 
ologist, Gold Coast; Z. Horn, agricultural officer, 
Aden; A. R. Stobbs, soil survey officer, Gold Coast ; 
P. J. P. Whitehead, biologist, Fisheries Research, 
Game Department, Kenya. 


Beit Memorial Fellowships for Medical Research 


Tue Trustees of the Beit Memorial Fellowships for 
Medical Research in their report for 1953-54 announce 
the resignation from the Board of Prof. T. R. Elliott ; 
he has been succeeded by Sir Alan Drury. Junior 
Fellowships (£630 a year) have been awarded as 
follows: R. G. Tucker, to investigate the action of 
divalent metals on the multiplication of bacterio- 
phage, at the Sir William Dunn School of Pathology, 
University of Oxford; D. 8. H. W. Nicol, to study 
the chemistry and pharmacology of peptide fractions 
of insulin, at the Dunn Institute of Biochemistry, 
University of Cambridge; and B. T. Donovan, to 
study the hypothalamic control of the secretions of 
anterior pituitary hormones, at the University of 
London Institute of Psychiatry, Maudsley Hospital, 
London. 


Announcements 


Tue first award of the J. H. Andrew research fellow- 
ship in metallurgy in the University of Sheffield has 
been made to Mr. R. G. Ward, who is at present work- 
ing as a research student in the Department of 
Metallurgy, University of Cambridge. The fellowship 
has been established by endowments from the English 
Steel Corporation, Ltd., Thomas Firth and John 
Brown Ltd., and Firth Vickers, Ltd. 


THE title of professor of chemical pathology in the 
University of London has been conferred on Dr. 
F. T. G. Prunty in respect of his post at St. Thomas’s 
Hospital Medical School, London; and that of 
reader in chemical biophysics in the University 
of London on Dr. R. A. Kekwick, in respect 
of his post at the Lister Institute of Preventive 
Medicine. 


A suMMER school in programme design for auto- 
matic digital computing machines, on the same lines 
as those of previous years, will be held in the 
University Mathematical Laboratory, Cambridge, 
during September 13-24. The course will give a basic 
training in the mathematical use of machines, dealing 
with the processes employed and their embodiment 
in programmes which specify the operation in detail, 
and lectures and practical classes will be held 
in the design of programmes for the Cambridge 
machine known as EDSAC. Application forms (to 
be returned by June 30) and further information 
can be obtained from G. F. Hickson, Secretary of 
the Board of Extra-Mural Studies, Stuart House, 
Cambridge. 


Erratum. In the Index of Nature, Vol. 172, 
p. xlv, for “Needham, Dr. James’, read ‘Needham, 
Dr. Joseph’’. 
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DEVELOPMENT AND RESEARCH IN VACUUM TECHNIQUES 


HE profound importance of high vacuum in 

research during the past decade or two is 
generally realized, but not, perhaps, the extent to 
which laboratory discoveries have led to important 
and increasing applications in industry since the 
Second World War. Without, for example, modern 
methods of pumping and leak detection for very 
large-scale projects, the utilization of atomic energy 
and all its implications would be impossible. W. 
Edwards and Co. have, almost since the inception of 
the company thirty-five years ago, specialized in 
vacuum techniques and therefore have been closely 
associated with its remarkable development, pro- 
gressing during this time from a one-man business 
to the present organization consisting of some five 
hundred people. 

At a luncheon held on March 5 to mark the opening 
of the Company’s new factory at Crawley New Town, 
Sir Ben Lockspeiser, Secretary of the Department of 
Scientific and Industrial Research, referred to the vital 
necessity of research for the future of Britain, and 
said: ‘Not so long ago it was customary to speak 
of industry supporting science, but a research 
director of a famous American firm has rightly 
pointed out that, in these days, it is science which 
supports industry”. After reviewing the important 
role of high vacuum, he pointed out that great 
industrial innovations now demand large sums for 
development and capital investment, which can only 
be met by large organizations ; but, he said: ‘There 
is @ vital and distinctive place for the specialist firm, 
which makes itself highly proficient in its own field 
and performs thereby an invaluable service for many 
industries, and often for research laboratories also. 
Messrs. W. Edwards and Co. is an excellent example 
of such a specialist firm, occupying a unique position 
and serving both industry in the newest technology 
and science in its most advanced technique”’. 

Referring to the early days of the company, Sir 
Ben said: “In its great services to science, Messrs. 
W. Edwards and Co. is handsomely repaying an old 
debt, for I believe I am right in saying that about 
1924 Dr. G. W. C. Kaye, who was head of the Physies 
Division of the National Physical Laboratory at the 
time, invented a new type of vacuum pump and 
approached Mr. Edwards, the present managing 
director of the Company, with a view to getting it 
manufactured. The Company began in this way by 
manufacturing Dr. Kaye’s pump. The Company 
turned to the research laboratory for a good start in 
life, and it now makes a valuable contribution. to 
keeping research alive’’. 

Sir Ben urged that any research organization 
should include some people (there never could be 
very many) free to take long views and concern 
themselves with the fundamentals, so that the 
capital of scientific thought on a subject should not 
dry up—an event as serious as a failure of capital in 
finance—and concluded by saying: ‘The advance of 


science depends on new ideas, and your industry is 
—and always will be—in need of them. Cherish, 
therefore, the goose that lays the golden egg”’. 

A tour of the new factory shows to what extent 
the firm has realized the value of research so stressed 
by Sir Ben, for a considerable floor area of the light 


and airy modern factory is devoted to research. The 
laboratories have been kept contiguous to one 
another, for work in one section greatly influences 
work in other sections. Thus workers on pumping 
problems have developed a gas-ballast rotary vacuum 
pump to deal with the contamination difficulties 
arising in the vacuum coating section, where the 
continuous coating of roll material has been developed, 
and in the freeze-drying section, where large volumes 
of water vapour must be handled. Vacuum metal- 
lurgy developments have also profited by allied 
problems arising in vacuum coating large areas, 
where significant quantities of metal must be 
evaporated. Not only is exploratory work under- 
taken to devise new and more efficient apparatus and 
keep the firm abreast of the latest developments, but 
also considerable investigation is carried out to 
develop plant and techniques to meet customers’ 
applications—often work which may appear to have 
no connexion with high vacuum, for example, 
investigation into lacquers as an important com- 
plementary to the deposition of thin metallic films in 
vacuum. 

No part of the floor area of the research sections 
is more than 20 ft. from a bus-bar system with 
plug-in fuse boxes for electricity, or from gas, cooling- 
water and compressed air supplies. Writing and 
discussion rooms are provided for each research 
section, as past experience of the firm has shown 
that the laboratory itself is not the most suitable 
place for the preparation of reports and reasoned 
discussion. 

It is the firm’s policy to encourage the use of its 
research staff in customer relations, and the Sales 
Department is organized accordingly. Not only is 
this important because of the new fields with which 
high vacuum is concerned, but also it keeps the sales 
organization closely informed of developments in the 
laboratory and at the same time maintains the 
interest of the research workers in the end-products 
of their work, stimulates their ideas and ensures a 
recognition of practicability. 

The staffing of a research department in a new 
and specialized branch of applied science presents 
difficulties; taking a long-term view, research 
apprenticeships have been instituted. The apprentice 
serves the bulk of his time in the various sections of 
the laboratory, with training in the works and 
drawing office, and with one day each week to further 
formal education, for a period of five years. Training 
of research apprentices is not the only educational 
function of the firm’s Research Department, as it is 
the focal point of experience for postgraduate 
students, who come from all over the world for 
summer vacation work. 

The Company’s reference library is of a very high 
standard in view of the importance which is attached 
tu the abstraction and internal circulation of in- 
formation on articles published throughout the world 
on high vacuum and allied subjects. This led to 
vacuum workers outside the firm appreciating the 
value of such a service, with frequent requests for 
copies of the abstracts, and in turn became the 
genesis of the periodical Vacuum, which was started 
four years ago as a journal, independent of the 
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parent Company, to publish abstracts, together with 
authoritative articles on its subject. 

Mr. F. D. Edwards, replying to Sir Ben Lock- 
speiser, referred to the indebtedness of the Company, 
in its early days, when extensive advertising was 
quite beyond it, to the Physical Society’s annual 
exhibition, where it was able to display its products 
to the scientific world through this unique medium. 
He went on to say that it is interesting to consider 
the many large organizations which have evolved 
from one-man enterprises established in the days of 
low taxation, when profits could be ploughed back 
to build up the firm’s working capital. With modern 
taxation, it is virtually impossible for a young enter- 
prise to grow without outside capital, and hence, he 
said: “Small enterprises will have to rely upon 
private funds for expansion, and therefore it is my 
hope that financiers and industrialists will take 
courage in both hands and be prepared to risk 
financial support to small enterprises until they reach 
such size that they can properly be handled by 
finance institutions. If some such action is not taken, 
many promising ideas will perish from lack of funds 
and possible world markets be lost to Britain’’. 


No. 4412 


ERGONOMICS RESEARCH SOCIETY 
FOURTH ANNUAL CONFERENCE 


HE fourth annual conference of the Ergonomics 

Research Society was held during April 5-7 at 
Ashorne Hill, near Leamington. Following the 
precedent of earlier years, the papers were planned 
around one main theme, on this occasion ‘“The 
Scientific Study of Human Work in Industry”. Sir 
George Barnett, H.M. Chief Inspector of Factories, 
opened the conference, reminding his hearers that 
the administration of the Factories Acts brings him 
and his staff into daily contact with the matters 
covered by this new term ‘ergonomics’. Quite apart 
from hazards of accident and industrial disease, the 
Acts deal with heating, ventilation, lighting and 
seating ; inspectors are constantly reminded of the 
physiological and psychological importance of these, 
and of the need for further progress in such directions 
as the design of machinery. He suggested that one 
of the main problems of the future would be the 
adaptation of methods of work to a population 
including an increasing number of older people, and, 
very reasonably, he pointed out that research results 
on this or any other problem are more likely to be 
used if reported in terms comprehensible to the 
interested layman. 

The first paper, given by O. G. Edholm, was a 
contribution to understanding by the layman of 
physiological methods of measuring work. Admitting 
the impossibility of a complete exposition, Dr. Edholm 
nevertheless outlined the various effects of activity 
on the human body in a way which made subsequent 
papers far more useful to the non-physiologist. He 
dealt with metabolism at rest and at work, giving in 
round figures the amounts of heat involved ; his 
comparisons of oxygen usage were illustrated by 
demonstration, the subject at first sitting, and then 
stepping up and down. The limits of activity as set 
by heat loss, or cardiac capacity, or by other reasons 
were discussed, and the distinction was drawn 
between fatigue due to posture and that due to work 
in the mechanical sense of foot-pounds expended. 
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Two papers dealt with the physiological stress of 
heavy work in hot surroundings, the first by J. 8. 
Weiner and A. R. Lind, and the second by H. S. 
Belding and T. F. Hatch. Both were primarily 
concerned with the same problem—that of setting 
limits to environmental conditions which, while 
expressed in physical terms readily measurable by 
engineers, would safeguard the human being working 
in them. Weiner and Lind discussed the various 
permissible limits that had been proposed in coal 
mining, in particular examining the discrepancy 
between the figures put forward by Linsel in Germany 
in 1949 and those deduced from a variety of other 
sources, which, while agreeing among themselves, 
suggest that Linsel’s limit is somewhat low. The 
second paper (which was read by Prof. Belding alone) 
accepted the challenge to set physiological limits in 
a simple and easily measured way; in extremely 
hot jobs in the glass and metal industries, it has 
been found practically effective to calculate the total 
heat input and to balance this against sweat-rate. 
Input was calculable from radiant temperature, 
air temperature and movement, and metabolism 
estimated from the work done; @ maximum sweat- 
rate of 1 1./hr. for a spell of 6-8 hr. for “‘very fit, 
acclimatized men’’ was postulated. In hot and moist 
conditions, the limit would be the rate of evaporation 
rather than the rate of sweating. Both these papers 
dealt with working conditions far above the accepted 
range of comfort; the paper by D. E. Hickish on 
the thermal comfort of workers in light industries in 
summer dealt not merely with physical and physio- 
logical data, but also with the subjects’ views 
expressed on a rating scale. Discussion of the physio- 
logical limits suggested that work should preferably 
be well within them; mention of accident-rates in 
mining illustrated this, with the question “‘At what 
point does the man become irritable and liable to be 
careless ?’’. The psychologists have much work ahead 
of them in such problems. 

As R. Harper put it, his paper on the study of 
craftsmanship in dairying was concerned with the 
cross-links between the physical problem of measuring 
the properties of deformable material and the psycho- 
logical problems of describing and codifying the 
experiences gained from handling it. The particular 
material described was cheese ; but apparently similar 
problems exist in connexion with wool and other 
substances of natural origin. Cheese graders have 
long used tests such as pressing with the thumb to 
assess the condition of cheese; the obvious course 
of tasting is rarely resorted to, since no palate 
could stand up to the large number of cheeses. 
The research was not concerned merely with 
relating subjective judgments to instrument read- 
ings; @ major difficulty was that of relating either 
of these to the ultimate criterion of the goodness of 
the cheese. 

Sven Forssman described a study of workers in 
underground factories in Sweden which demonstrated 
the effect of psychological factors very clearly. 
Workers in three underground factories had com- 
plained of fatigue, eye-strain and the like; in the 
study they were compared with a similar population 
working above ground. There appeared to be little 
difference from a medical point of view between the 
two groups, and only in some places were conditions 
of lighting worse for the underground workers. But 
it was concluded that, other things being equal, the 
psychological climate among the underground workers 
was more sensitive, and any shortcomings in human 
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relations were more readily noticed, leading to absence 
and symptoms of sickness. 

J. E. Karlin presented a paper on telephone 
research, concerning the habits and complaints of 
telephone users and their reaction to innovations. 
In this field such small matters as an instrument a 
little heavier or lighter than usual may affect the 
user, and investigation of his likely reaction is 
attempted before large-scale changes are put in 
hand. Questionnaires of the ‘feed-back’ type have 
been used, but it was stated that obtaining the user’s 
opinion alone is insufficient; observation of his 
behaviour is also needed. In telephone work this is 
made easier by the fact that most users regard every- 
thing other than the actual receiver and transmitter 
as a ‘black box’, and in this region the observer has 
considerable freedom to make changes. Experiments 
on abbreviation, by which each partner in a con- 
versation hears only part of the other’s speech 
yet understands what is being said, threw an 
interesting light on how much we really listen. In 
trying out new equipment, the user has to be given 
a@ fairly long period of test; immediate opinions 
may be reversed later. 

Three papers, by R. Conrad, H. G. Maule and D. 
Cox, found common ground when considering the 
position of industrial psychology. Conrad -com- 
mented on the steadily decreasing number of Indus- 
trial Health Research Board reports over a period of 
years, a decrease which is concurrent with the growth 
of the techniques of work-study practised in industry. 
He suggested that a return to more rigid experi- 
mental methods would benefit the psychologist in 
industry, and also more contact between fundamental 
theory and applied work. Problems in the Armed 
Forces have given psychologists urgent ad hoc ques- 
tions to solve, and have diverted their attention from 
basic matters. In the discussion, it was suggested that 
industry is more interested in immediate problems ; 
the psychologist’s is a double task, to provide 
solutions to these and at the same time to anticipate 
future demands before industry is aware of them. 
In reminding the conference of some early work he 
had done on improving work-methods in laundries, 
Maule emphasized ‘the point that methods are 
important not only as a means of getting more work 
done, but also in affecting the attitude of those who 
do it. Bad methods cause as much waste through 
irritation as through sheer physical loss of time and 
energy, he suggested, and for this reason are often 
resented by the worker on the job before managers 
are even aware of them. Arising from this the point 
was made in discussion that managers often try to 
limit the application of work-study in the interests 
of ‘flexibility—a euphemism, it was suggested, for 
‘room for manceuvre for bad management’. Whatever 
the techniques of work-study, its proper appli- 
cation depends on the attitude of management. Cox’s 
paper dealt with the way in which work-study 
as a technique has been used in industry in too 
mechanistic a fashion. Findings on the effects of 
monotony, from as far as twenty-five years back, 
have suggested that it can reduce output, yet work 
is often still organized in ways which fail to cut 
monotony to a minimum. There is need for more 
exchange between those who carry out work-study 
in industry and those doing research, both in pro- 
viding facilities for research and in making use of 
results. 

Sir Frederic Bartlett, in the closing address to the 
conference, ranged over many topics suggested by 
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the papers. He compared the classic physiological 
methods of measuring work with the less exact 
psychological measures, reflecting that as work is 
increasingly mechanized the former, dealing with 
gross energy outputs, will be less in demand. In 
physically light work involving skill or dexterity, 
time-and-motion study goes so far, but fails at the 
point where perceptual skills become important ; 
this is a field in which research has immense pos- 
sibilities. In training, too, a new approach is needed : 
the concept of training for a specific job is inadequait. 
in an age where technical advances alter jobs sv 
frequently ; what is needed is training which wii! 
allow rapid adaptation to change. Adaptation to 
change, Sir Frederic observed, also brings one to 
questions of human relations; this remark, coming 
from so eminent a member, encourages the hope that 
the Ergonomics Research Society may be spurred on 
to regard the study of the working environment in 
@ wide sense. 


RESEARCH FILM 


BULLETIN OF THE RESEARCH FILM COMMITTEE 
OF THE INTERNATIONAL SCIENTIFIC FILM 
ASSOCIATION 


LTHOUGH cinematography is increasingly used 

for research, those workers for whom cinemato- 
graphy is a prime and essential instrument remain 
relatively few and scattered. The bulletin of the 
Research Film Committee of the International 
Scientific Film Association should therefore fulfil a 
useful purpose. Called Research Film, it is edited by 
Dr. G. Wolf, director of the Géttingen Institut fiir 
Film und Bild, and by M. Jean Dragesco. Its con- 
tents are variously in English, French and German, 
while some of the editorial matter is in all three 
languages. 

In the second of the three issues* published up to 
December 1953, Anthony R. Michaelis reviews the 
literature of the research film. He notes that, while 
there are several thousand journal articles on scientific 
cinematography, there are few books. He descrip- 
tively lists some of these books, and gives the results 
of his survey of journal publications. His figures 
and graphs show that scientific cinematography dates 
back to the beginning of cinematography, and that 
it has been used to @ varying extent in a number 
of countries. There would appear, however, to have 
been a marked increase in its use since about 1930. 
In biological cinematography Germany takes a 
leading place, in medicine Germany and the United 
States, and in engineering the United States; but 
Dr. Michaelis’s survey is not exhaustive and does 
not, for example, include Russian literature. 

Much the greatest part of this international jour- 
nal’s matter consists of short articles, often illus- 
trated, on apparatus and methods. H. E. Edgerton 
describes the l-ysec. rapatronic camera; S. W. 
Bowler, single-picture control devices ; D. Rebikoff, 
underwater cinematography ; and W. Bohme and 
J. Nauta, roentgen-cinematography. There are 
articles by J. Frederic, J. Dragesco, A. J. Pijper and 
others, and lists of the writings of the scientific 
cinematographers J. Comandon and Lucien Georges 
Bull. C. DENIs dag 


* Research Film. Le Film de Recherche. Percent. 0. 
hae No. 2, pp. 40; No. 3, pp. 34. (Dr. G. Wolf, ae. cae act 
issenschaftlichen Film, Géttingen.) 
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THE ESSO REFINERY, FAWLEY 


T the beginning of July 1949 a site of 450 acres 
near the village of Fawley, Hampshire, was 
still covered with rolling wood and farmland. In 
November 1951, less than two and a half years later, 
a vast level plain had replaced the farms and from 
it rose the spectacular towers of the new £37,500,000 
oil refinery built for the Esso Petroleum Company. 
By that date 97°48 per cent of the work on the new 
refinery had been completed. Most of the major 
process units had been in operation since July 1951, yet 
the original date set for the completion of this under- 
taking, the largest oil refinery ever built at any one 
time anywhere in the world, had been January 1952. 
This was a tremendous achievement from many points 
of view—technical, financial, economic and social. 

The refinery was built by a combination of 
American management and British labour. The 
Productivity and Technical Assistance Division of 
the Mutual Security Agency Mission to the United 
Kingdom wished to determine the nature of the 
management policies and practices responsible for 
the unusually rapid construction of the refinery. 
A report, prepared by A. D. Gray and Mark Abrams, 
of Research Services, Ltd., aroused such wide interest 
that it has now been made available to the British 
Institute of Management for general publication. 

The investigators were asked to discover how far 
and in what ways management organization and 
policy and labour-management relations had con- 
tributed to the unexpectedly high productivity of 
the men on the job. The report shows that the 
factors which enabled the construction of the refinery 
to be completed well ahead of the date originally 
scheduled include both fortuitous external circum- 
stances and particular techniques of organization 
and management employed by those responsible for 
the job. The main favourable external circumstances 
were: (1) dollars were available for the purchase of 
materials and equipment in the United States ; 
(2) at the time that initial orders were placed, 
materials were readily available in the United 
States ; (3) the size and importance of the refinery 
were exceptional and this helped to create a favour- 
able psychological atmosphere. Moreover, a man of 
outstanding ability had been chosen as the project 
manager, capital equipment was on a generous scale, 
suppliers made extra efforts to supply materials 
both from realization of the refinery’s importance 
and in anticipation of future orders, and workers 
took pride in working on the project; (4) because 
of its special dollar-saving importance to the British 
economy, the job had the support of the British 
Government, which assisted in obtaining priorities 
for materials purchased in Great Britain. 

Not all the circumstances were favourable, how- 
ever. There was, for example, a shortage of skilled 
labour both in the area and in the country as a 
whole; the site was far removed from populated 
areas ; there was a virtual absence of normal trans- 
port facilities; and working conditions on the site 
proved particularly difficult. Yet the task was 
completed before the agreed time. 

The observers made a special study of the specific 
managerial and organizational practices which con- 
tributed to the speedy construction of the refinery. 
These were reported as follows. There was, first, 
close co-operation between contractor and client. 
The Esso Petroleum Co. had senior representatives 
always on the site, both to inspect the work and for 


NATURE 


985 


immediate consultation on matters on which the 
approval of the client was required. 

Secondly, detailed plans were prepared at an early 
stage. All the ordering of materials was done from 
these plans. The technical resources of Esso’s 
affiliated company, Standard Oil Development, and 
particularly its extensive records and experience 
of the construction of refineries, were drawn upon 
in estimating supply and labour needs. 

Thirdly, materials were ordered early. 

There was, in addition, a vigorous scheme for 
expediting deliveries, as well as a system of coding 
orders, deliveries and allocation of all materials 
according to the units where they were required, so 
that both the supply and cost situation for any unit 
could be quickly ascertained. A monthly report 
showed the actual and scheduled progress and 
there was continuous inspection of the site by top 
management. A system of communications was 
developed to ensure that all in authority were 
informed of everything that affected the whole job. 
Most important, engagement of all labour was under 
one contract drawn up with the Confederation of 
Shipbuilding and Engineering Unions. This resulted 
in a unified system of wages for all crafts. A system 
of supervision was organized which made it the 
primary responsibility of supervisors to see that 
work was not interrupted through lack of materials, 
labour or skill; special measures were taken to 
reduce absenteeism. 

A valuable means of eliminating difficulties was 
the formation of a site executive committee of shop 
stewards and management representatives to settle 
problems about working conditions on the site. The 
management was adamant in refusing to allow labour 
disputes to be discussed except through official 
trade union channels; this led to a considerable 
strengthening of the ‘powers’ of shop stewards. One 
contractor was made responsible for the major part 
of the work and the number of sub-contractors was 
reduced to a minimum. This simplified the problems 
of co-ordination and made possible a streamlined 
system for the control of progress and supplies ; it 
also facilitated the most effective and economical 
use of labour, and greatly assisted trade union— 
management negotiations. T. H. Hawkins 


PROBABLE OBSERVATION OF THE 
GALACTIC NUCLEUS AT 400 Mc./s. 


By R. X. McGEE and J. G. BOLTON 


Division of Radiophysics, Commonwealth Scientific and 
Industrial Research Organization, Sydney, N.S.W. 


E have recently made a survey of the central 

section of the Milky Way using a pencil-beam 
aerial at a frequency of 400 Mc./s. The survey 
covered the zone of the celestial sphere from — 17° 
to — 49° in declination and approximately 15 hr. 
to 20 hr. in right ascension. The aerial reflector, a 
paraboloid of revolution of aperture diameter 80 ft. 
and focal length 40 ft., is hollowed out of the earth ; 
its surface is consolidated with concrete and covered 
with half-inch mesh wire-netting. The feed consists 
of a wide-band dipole and plane reflector supported 
on an aluminium mast. The aerial beam-width is 2° 
between half-power points at 400 Mc./s., and the 
beam can be directed by tilting the mast in the 
meridian plane. The relation between the angle of 
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Fig. 1. Contours of equivalent aerial temperature at 400 Mc./s. plotted in galactic co-ordinates. The numbers 
on the contours give the increase (in units of 30° K.) above the temperature measured along the contour 7’;. 
This temperature is approximately 55° K. 


tilt of the mast and the zenith angle of the direction 
of maximum sensitivity of the aerial beam was 
determined by observations of the sun at about the 
summer solstice and of the intense radio star 
Centaurus-A. These observations also determined 
the collimation plane of the aerial. Centaurus-A was 
used as @ convenient daily reference for calibrating 
the overall sensitivity of the aerial and receiver. 
The reflector has about the same ratio of focal length 
to aperture as the 218-ft. paraboloid at Jodrell Bank 
which Hanbury Brown and Hazard have used with a 2° 
beam at 158 Mc./s. to survey part of the northern sky. 

Records were taken at intervals of 0-5° in declina- 
tion between declinations — 23° and — 30° and at 
intervals of 1° outside this range. For each declina- 
tion two or more records were taken and the readings 
averaged. The results of the observations are dis- 
played in Fig. 1 as contours of equivalent aerial 
temperature plotted in galactic co-ordinates. The 
celestial co-ordinates of the 1953 observations were 
corrected for precession to epoch 1900 and converted 
to galactic co-ordinates by means of the Lund Tables. 
The numbers on the contours in Fig. 1 give increases 
(in units of 30° K.) above the temperature measured 
along the contour marked 7. This temperature is 
40° K. above the minimum measured in the low- 
temperature region near the south galactic pole. An 
accurate determination of this base temperature is 
very difficult: the preliminary value suggested by 
our observations is 15° + 10° K. The noise-fluctuation 
level represented on the average 3° K. 

It will be seen that there is a strong concentration 
of brightness towards the line of galactic latitude 
b = — 1°; -in general, the profiles along lines of 
galactic longitude are about 5° between half-power 
points. Along this central ‘bright streak’ are a 
number of maxima with one outstanding maximum 
centred at 1! = 327-9°, b= —1-0°. The uncer- 


tainties in this position are estimated at + 0-2° in 


background of 
Milky Way ,ra- 
diation. The 
shaded areas on 
the profiles rep- 
resent the suggested contribution from this source. 
Were it a point source, the flux density of 
400 Mc./s. radiation would be 1-4 x 10-* watts 
per square metre per cycle per second. This is of 
the same order as the flux from Cygnus-A at this 
frequency obtained by Stanley and Slee (unpub- 
lished data). The angular extent of the object 
appears to be less than the beam-width, 2°, and since 
the aerial has such high directivity the position of 
its centroid cannot be far from the indicated 
maximum of the brightness contours, but it may 
possibly be slightly to the north. 

The position of this source is close to the accepted 
direction of the galactic centre, although this direction 
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is not known very accurately. In optical observations 
the central region is heavily obscured—in places the 
obscuration amounts to more than 8 magnitudes. 
Even observations in the infra-red have been unable 
to penetrate all the dark clouds. Earlier estimates 
of the position of the ¢slactic centre, obtained from 
radio data, have been derived mainly from observa- 
tions with wide-beam aerials. Although absorption 
of radiation at frequencies of 100 Mc./s. and above 
should be small, the poor resolving power of these 
aerials does not permit very accurate determinations 
of position. The most probable position of the galactic 
centre derived from both optical and the earlier radio 
data is 1 = 328°, b = — 2°, with a spread of a few 
degrees in each co-ordinate about this value. 

Sources near the centre of the galaxy have been 
observed, using the pencil-beam technique, by 
Piddington and Minnett? at 1,210 Mc./s. (2-8° beam) 
and by Bolton et al.? at 150 Mc./s. (6° beam). These 
observations probably refer to the same object as 
observed at 400 Mc./s. Similarly, interferometer 
observations at about 100 Mc./s.*-*, although con- 
fused by the presence of several sources in the 
primary aerial beam at the same time, have also in- 
dicated a strong source in this vicinity. The angular 
size at 100 Mc./s. appears to lie between 4° and 1° *-4, 

The present survey gives the most accurate 
position of this object, and the close correspondence 
with the expected position of the galactic centre 
suggests the probability that it may, in fact, be the 
galactic nucleus. However, the apparent angular 
size of the source at 100 Mc./s. is considerably larger 
than the 3’ of arc expected for the galactic nucleus 
in the visible region, if it were comparable to that 
of the Andromeda nebula (Baade, personal com- 
munication). However, the size may differ at the 
higher frequencies, and further study of the fine 
detail of the brightness distribution in this region is 
necessary. 

* We wish to thank Dr. K. C. Westfold, of the 
University of Sydney, and Messrs. G. J. Stanley and 
O. B. Slee, of this Laboratory, for their participation 
in the construction of the aerial and other aspects of 
the work. The project was originally suggested to 
one of us by Dr. W. Baade. 

ee J. H., and Minnett, H. C., Aust. J. Sci. Res., A, 4, 459 

Ol). 

* Bolton, J. G., Westfold, K. C., Stanley, G. J., and Slee, O. B., Aust. 

J. Phys. (in the press). 

* Mills, B. Y., Aust. J. Sci. Res., A, 5, 266 (1952). 
‘ Bolton, J. G., Stanley, G. J., and Slee, O. B., Aust. J. Phys. (in the 
press). 


INFLUENCE OF DISSOLVED 
GASES ON HYDROGEN PEROXIDE 
FORMATION AND 
BACTERIOPHAGE INACTIVATION 
BY RADIATION | 
By MICHAEL EBERT and TIKVAH ALPER 


Medical Research Council Experimental Radiopathology 
Research Unit, Hammersmith Hospital, London, W.1!2 


THE behaviour of the free radicals formed during 

the irradiation of water has been investigated 
by studying (a) the formation of hydrogen peroxide, 
and (6) the inactivation, during short-time irradiation, 
of bacteriophage in very dilute suspension. We call 
the latter ‘immediate’ inactivation of the phage, as 
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distinct from inactivation arising from delayed effects 
of the radiation. Information has thus been obtained 
about radical interactions to form hydrogen per- 
oxide; and radical reaction with an added ‘solute’, 
which in the case of bacteriophage is the simplest 
living entity on which radiation effects can be studied. 
We regard these systems as being to some extent 
complementary, since the formation of hydrogen 
peroxide involves the strongly oxidizing HO, radical, 
whereas bacteriophage is not affected by oxidizing 
radicals!:? but is inactivated: by reaction with 
reducing radicals, the nature of which will be dis- 
cussed below. Conditions which favour the pro- 
duction of hydrogen peroxide are those in which 
immediate phage inactivation is minimal, and vice 
versa. 


Hydrogen Peroxide 


Triply distilled water was exposed to an electron 
beam of 1-MeV. electrons from a Van de Graaff 
generator, and the formation of hydrogen peroxide 
followed by the method of Eisenberg*. The desired 
gas or gas mixture was bubbled through the water 
for 8 min. before irradiation commenced, and during 
the exposure. This ensured equilibration and the 
removal of gases which might be formed by the 
action of the radiation. The techniques for bubbling 
and irradiating have been previously described‘. 

In Table 1 are set out the results of hydrogen 
peroxide determinations in water which had been 
irradiated in the presence of various dissolved gases. 
In each case hydrogen peroxide determinations were 
made after irradiations at three different dose-levels. 
It can be seen from the table that, at all doses used, 
the maximum hydrogen peroxide concentrations 
obtained with mixtures of hydrogen and oxygen 
were roughly double the concentrations with 100 per 
cent oxygen. The results are presented graphically in 
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Table 1 





Hydrogen peroxide, in 
ee produced by 
Gas mixture loset of : Inactivation 

2-9x 104 108 K 108 115 x 10* doset 
rads rads rads 





> Os 47 123 472 4,600 +450 
21% O.t +79 N; 47 106 155 3,700 +350 
= % 0,+ 5% H.* _ _ _— 4,200 
 O2.+16 % > H* 66 187 698 ~— 
86° 0,+34% H.* 72 242 787 — 
509 % 0,+50% H, _ — _ 11,600 + 450 
38% Os +62% H,* 78 767 — 
5% 2: +95% H,* 67 158 318 11,000 
1% 0 2 +99% % H, — — = F 
100 0 0 0 1,150+ 70 
50% H, +50 % N: 0 0 0 ’ 
100% 0 0 0 2,150 + 230 























* Percentages are approximate, as there were slight variations 
within experiments at different radiation doses. 

+ Doses for experiments with the electron beam are based on 
chemical dosimetry, with assumed value for Gre = 20. There were 
variations of + 5 per cent from the nominal doses stated at the head 
of each column, 

~ Where no standard erro: 8 age 1 result quoted is for one experi- 
ment which formed part ofa 32 a a which survival curves with different 
gas treatments were compared. 


Fig. 2A, which also shows some results not included 
in Table 1. 


Inactivation of Bacteriophage 
Techniques for investigating the inactivation of 
bacteriophage during irradiation have been pre- 
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viously described?. The desired gas solutions were 
obtained by methods similar to those used in the 
hydrogen peroxide experiments. At high dose-rates, 
survival curves were of exponential form, for both 
electron and X-irradiation. Where survival is of this 
type, the number of particles, dn, inactivated by a 
small dose, dR, is proportional to the number of 
active particles. Thus: 


dn 1 
— 3 =p (1) 


1/D being a constant of proportionality. The integral 
form of this equation may be written 


n/n g = exp — R/D, (2) 


and D, the ‘inactivation dose’, is that dose which will 
reduce the active fraction to e-! (37 per cent) of the 
number of phage particles originally present. If 
equation (1) is re-written 


— dn/dR = n/D, (3) 


it can be seen that the number of phage particles 
inactivated per unit of dose (that is, the ‘yield’) is 
proportional to the reciprocal of the inactivation dose. 

Fig. 1 shows survival curves from a typical experi- 
ment, in which four different gas treatments were 
applied to dilute suspensions of bacteriophage S13. 
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Fig. 2. Effect of gas treatment on (A) hydrogen peroxide yield; (B) inactivation dose for bacteriophage S13 
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| 
Relative yield of Relative yield of 
| Gas present Reactions of H Reactions of OH inactivated phage hydrogen peroxide 
Expected Observed Expected Observed 

N, H +®— H® ?0H + OH ~ H,O 1 1 Small 0 

(low probability) 
| H, H+0-— H® OH + H,— H +H,0 2 1-84 + 0°13 0 0 
| H +®— H® 
| 0; H + 0,— HO, As with N, <2 0-49 + 0°05 1 . 
| HO, + HO, — H,O, + 0; 
4 Pag a H — H,0, 
} HO, = Ht + 0,- 
| 0;- 1H" +0 > HO +0, 
|; O, + Hy H+ ~ HO, OH +H,— H + H,0 <€1 0-18 + 0-02 2 Approximately 
| HO, PHO HO. + 0, H + HO, — H,O, 2 
| or HO, + H— H,0, orH + O,— HO; 
or HO, = H* + 0,~ and reactions proceed as 
0, + Ht +®—- H® +0, in left-hand column 
orl! +2 — H® 
} 


























The" inactivation doses were 1,200, 2,100, 3,200 and 
10,000 rads respectively (1 rad is defined as energy 
absorption of 100 ergs/gm.: International Commis- 
sion on Radiological Units, 1953) for irradiations in 
the presence of hydrogen, nitrogen, air, and oxygen 
plus hydrogen. The corresponding yields were in the 
ratio 1-75, 1, 0-65 and 0-21. Results of experiments 
on various batches of S13, with X-rays at different 
dose-rates, and with electrons, have been pooled to 
give mean inactivation doses for each gas treatment. 
These are presented in Table 1, whence it can be seen 
that the radiation was most effective with hydrogen 
bubbling, with which no hydrogen peroxide was 
detected, and least effective with hydrogen and 
oxygen mixtures, with which hydrogen peroxide 
production was maximal. 

The results are presented graphically in Fig. 2B. 
The variation of inactivation dose with gas treatment 
can be seen to follow the same trend as the yield of 
hydrogen peroxide. 


Discussion 


Most biological effects which can be ascribed to the 
action of radicals appear to occur through oxida- 
tions*-’, It is of considerable interest, therefore, that 
bacteriophage should show in such a clear-cut way a 
far greater sensitivity to reducing than to oxidizing 
radicals. Previous results pointing to this fact’? have 
been fully confirmed by the results of irradiations in 
hydrogen, and in hydrogen and oxygen mixtures. 
It is probably relevant that, according to data given 
by Daniels, Scholes and Weiss*, the immediate in 
vitro effect of radiation on the viscosity of animal 
deoxyribose nucleic acid is twice as great in vacuo as 
in the presence of oxygen. 

The reactions bringing about the formation of 
hydrogen peroxide, and the reducing mechanisms 
which cause inactivation of the phage, can be 
described by the following simple theory of radical 
formation, which we have based on the assumption 
that, when water molecules decompose under the 
action of radiation, the first reactive radicals formed 
are H and OH. These may be transformed by col- 
lision with molecules of dissolved gas, as follows : 


H + O, > HO, (4) 


(5) 
(6) 


Oxygen present 
HO, 2 Ht + O,- 


Hydrogen present OH + H, > H + H,O 


Thus hydrogen peroxide may be formed via: 
HO, + HO, > H,O, + O, (7) 
HO, + H > H,0, (8) 


Reactions (7) and (8) both require the presence of 
oxygen. The addition of hydrogen greatly increases 
the probability of (8). With no oxygen present, for 
example, with nitrogen bubbling, the reaction 


OH + OH +H,0, (9) 


may take place, but the probability appears to be 
very low. 

The reducing mechanisms by which phage is in- 
activated are not known, but may be presented 
formally as follows : 


H+90-—-H® 
O,- + Ht +0--H0 +0, 


® and H® representing an active and an inactive 
phage particle respectively. 

The probability of reaction (10) will be doubled, 
when phage is irradiated in the presence of hydrogen, 
as compared with nitrogen, because of reaction (6). 
Reaction (11) will take place in the presence of 
oxygen, following reactions (4) and (5); the prob- 
ability will be lower than that of (10), since reactions 
(7) and (8) will remove HO, radicals. In the presence 
of hydrogen as well as oxygen, the removal of HO, 
radicals will proceed more efficiently by reaction (8), 
and the probability of (11) will be lower than if 
hydrogen is absent. 

The theory here set out has been summarized in 
Table 2, in which also are stated the expected and 
observed relative yields of hydrogen peroxide and 
inactivated phage. 

These results form part of a body of work which 
will be reported fully elsewhere. 

Acknowledgment is made by one of us (T. A.) to 
the Medical Research Council for a personal grant in 
support of this research. [Jan. 27. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Transfer of Internal Energy in Molecular 
Collisions of Flexible Hydrocarbons 


A WELL-KNOWN problem in the physical chemistry 
of aliphatic hydrocarbons is to account for the 
marked dependence of reactivity on molecular 
structure, especially for reactions in the gas phase. 
For example, in oxidation of isomeric paraffins below 
about 300°, reactivity is greatest for the least-branched 
chain. Among the normal paraffins, the reactivity of 
homologues increases as the chain-length increases'. 
Various explanations of this influence of molecular 
structure on chemical reactivity have been suggested. 
Marked polar influences or valency drifts of electrons 
are not likely to be significant in this class of molecules. 
Molecular structure is, however, likely to have a 
marked effect on the degree of coupling between 
vibrations in different parts of the molecule? and also 
on the degree of flexibility of the hydrocarbon’. 

Gas kinetic studies have shown‘! that even normal 
paraffins are extensively crumpled at ordinary tem- 
peratures, as a result of rotations about C—C single 
bonds. Molecular flexibility seems to be an important 
factor in facilitating transfer of internal energy in 
gaseous collisions. In mass diffusion, flexible hydro- 
carbons show ‘“‘hydrogen-effects’’®, and there is an 
enhanced transfer of internal energy on collision with 
molecular hydrogen. Again, from ultrasonic measure- 
ments on mixtures of ethylene with other gases*®, 
paratiin hydrocarbons prove to be very efficient in 
transferring vibrational energy to the ethylene. 
These observations have been ascribed to “‘wrestling 
collisions” arising from the flexibility of these 
molecules. 

We have now found a striking effect of molecular 
flexibility in the collision efficiency of hydrocarbons 
of the C; and C, groups, for transferring vibrational 
energy to ethylene. As the hydrocarbon molecule 
becomes stiffer, a marked increase is required in the 
number Ze of collisions with an ethylene molecule 
before the transfer of a quantum of vibrational 
energy 0 > 1 will take place to the ethylene. 

At 298° K. the values of Ze are found to be 
approximately : 


neo- 
pentane 


iso- 
pentane 


cyclo- 
pentane 


ethylene 
(self- 
collisions) 


3,300 


| Hydro- n- 
carbon | pentane 


Zet 


isohexane 


Hydrocarbon | 
de 40 | 100 | 


n-hexane cyclohexane | 


| 
Zett | 30 | 
| 





The marked contrast in collision efficiencies between 
cycloperncane and cyclohexane accords with previous 
suggestions about wrestling collisions. These are 
much more likely to blur vibrational quantum levels 
and thus to facilitate the transfer translational — 
internal energy when a flexible molecule is one of the 
collision partners. It is noteworthy that collisions 
with the stiff cyclopentane molecule are even less 
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efficient for promoting vibrational energy transfer, 
than self-collisions between two ethylene molecules. 
Since chemical reactions of the paraffins in the gas) 


phase show evidence of involving the ‘chain transfer’) 


of energy’, it becomes understandable that factorsifc 


such as molecular flexibility which control energy! 


transfer can also control relative reactivity, in the 
absence of more powerful influences. 
W. D. McGratu 
A. R. UBBELOHDE 
Department of Chemistry, 
The Queen’s University of Belfast. 
March 1. 
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Soc. (in the press). 

7 Small, N. J. H., and Ubbelohde, A. R., J. App. Chem., 3, 193 (1953) 


A Two-Crystal Gamma-Ray Scintillation 
Spectrometer 

Tue scintillation spectrometer! using a sodiwn 
iodide crystal (thallium-activated) identifies the 
incident gamma-ray energy with the response to the 
photo-electric, Compton and (when energetically; 
possible) with the pair-production processes within 
the crystal. In sodium iodide, the photo-electric 
cross-section is predominant below about 0-2 Mey. 
and the pair-production process becomes appreciable 
above about 2:5 MeV. In the energy-range 0-2- 
2-5 MeV., the photo-electric and Compton processes 
are in competition. Thus, the recorded spectrum in 
this important range is complicated by the two-fold 
response of the spectrometer to each gamma-ray linc. 

Several methods of selection in favour of one of 
the two processes are available which simplify the 
interpretation of the records when a source emitting 
several gamma-ray lines has to be analysed. Use of 
a sodium iodide crystal of large dimensions enhances 
the photo-electric or ‘total’ energy peak at the ex- 
pense of the Compton energy continuum, due to the 
capture of the scattered quanta. Substitution of 
anthracene, essentially a Compton absorber, for the 
sodium iodide crystal removes the photo-electric 
peaks; the energy of the gamma-ray can then be 
roughly estimated from the poorly defined edge of the 
Compton continuum. A_ two-crystal coincidence 
spectrometer has been reported by Hofstadter and 
McIntyre*. In this method the energy absorbed by 
those Compton encounters which scatter the incident 
rays through a defined angle is measured. More 
recently, a method has been described by Albert* 
in which the quanta scattered by a small sodium 
iodide crystal are detected in a surrounding mass of 
sodium iodide, and the pulses due to the correspond- 
ing Compton electrons in the crystal are cancell 
by anticoincidence. 

In the two-crystal spectrometer described here the 
gamma-ray source is exposed simultaneously to 
sodium iodide and anthracene scintillation counters. 
The Compton continua from the two crystals are 
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‘ansfer fjualized in height (counting-rate scale) and extent 
ecules. #nergy scale), and then subtracted in suitable count- 


he gasfig-rate circuits, so that each gamma-ray energy is 


insfer’@presented only by a photo-electric peak in the 
actors#-corded spectrum. The method is less elegant than 


nergy ghe two-crystal coincidence method mentioned above, 
in the@ut has the advantage of allowing good geometry 
ad a high sensitivity with no loss in resolution. It 
H \s proved particularly valuable in analysis of mix- 
ies of fission products. 
In the actual apparatus, duplication of the spectro- 
.eter for each'‘scintillation counter is avoided. The 
uunters have a common output connected to a pulse 
mplifier, single-channel pulse-amplitude analyser, 
unting-rate meter and pen recorder. A motor- 
riven switch is used so that each photomultiplier 
suppressed in turn, for 0-5 sec. This involves 
iaking an electrical. connexion between the first 
_Bynode of the multiplier and the earth-connected 
and §athode for this time. Synchronized switch contacts 
” Bre also provided so that the tank capacitor in the 
uunting-rate circuit receives a negative charge when 
e sodium iodide scintillation counter is in operation 
nd a positive charge when the anthracene scintilla- 
ion counter is used. The net charge on this capacitor 
;measured by the circuit and determines the recorded 
nectrum due to the photo-electric peaks only. 
The simplest method of equalizing the Compton 
n mtinua is to match the energy scales by adjusting 
ne counter supply voltages and the counting-rate 
‘ales by arranging the source between the two 
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drifts in the electronic equipment is minimized by 
the use of a common power supply, common pulse 
amplifier, etc. 

Fig. 1 shows the spectrum of a radium source as 
recorded by this technique, using a sodium iodide 
crystal of 4-4 cm. diameter and 5-4 cm. thick and a 
rectangular anthracene crystal 2 cm. x 2-2 cm. x 
0-8 cm. The full trace shows the recorded spectrum 
with the Compton continuum associated with each 
photo-electric peak automatically subtracted. The 
broken trace shows the spectrum recorded by the 
sodium iodide crystal alone, without the subtraction 
of the Compton continua. 

D. H. Pemson 
Atomic Energy Research Establishment, 
Harwell, Berks. 
March 23. 
1 Hofstadter, R., and McIntyre, J. A., Phys. Rev., 80, 631 
* Phys. Rev., 78, 619 (1950). 
* Albert, R. D., Rev. Sci. Instr., 24, 1096 (1953). 


(1950). 


Precision Alpha-Particle Counting 


THIS communication gives the results of an experi- 
ment designed to compare methods of absolute alpha 
counting at Harwell and at the Radiation Laboratory 
of the University of California at Berkeley. The low- 
geometry methane proportional chamber, used by 
us, has been described by Hurst and Hall'. The 
alpha-particles are collimated by three disks, to prevent 

















nt" Grystals. The former adjustment is made for one reflexion from the chamber walls, and a final col- 
oy ’ Boergy and will apply over the range for which the limating disk to define the geometry. The alpha- 
i ise amplitude is proportional to the energy in both particles then enter the counting chamber where the 
*"'Y Jounters. The shape of the continua may be matched collecting electrode, a 0-001-in. diameter tungsten 
min t the higher energies by choice of suitable sizes of wire at earth potential, is held taut by a small brass 
tc B-ystal. This matching will not apply strictly to the ball. A concentric brass cylinder forms the cathode. 
4 wer range of energies, although here the Compton ‘The methane pressure is maintained at about 8 cm. 
2° Gontinuum is smaller in height relative to the photo- (of mercury) and a flat plateau of ~ 600 volts is 
nas ectric peak. Overall, the Compton continuum may obtained for the dependence of count-rate on the 
”.” @ reduced to the order of 5 per cent of the associated high tension of the electrode. The critical dimensions, 
'd hoto-electric peak by this means. The effect of the diameter of the collimating disk and the distance 
“3 of this from the source (~ 5 in.), can 
er? "7 be measured very accurately. The 
of geometry factor of the chamber for a 
the eal ‘ CHAKNEL point source is calculated from the 
ng . more difference between the solid angles 
m 7 _ subtended at the source by the collim- 
sib 20)- - ating disk and the ball. There is a 
ra A small correction for the area of the 
he : wt : Vy source: 0-14 per cent for a circular 
ae 2 eo}- source of radius 0-2 in. The calculated 
he 3 geometry factors of our two chambers 
:a : 77 os are : 

- me @ Y A Counter 12 712-5 + 0-7 

he WJ: hi | \ | ' » 18 717°3 £0°8 
a 5 in \ \ 3 the quoted error being due to the 
nd 2 aot \ | ‘4 1 ° ° h a 
*: ; f |: A | I se! possible errors in the dimensions used 
: i in the calculation. The chambers 
ae: 4 Vt \ have been used in conjunction with 
~ ; . ' it \, : so \ the following standard British elee- 
3 , ' ror \A 127 ‘ ‘4 _ - ‘ oa eule type 
re N\: M a) ; tronic equipment power pack tyy 

f 20 ‘ [\: \ al | 7 1007, amplifier type 10494, potentio- 
j og \! \ | \' : meter unit type 1007, scalar type 
, ie ae : \ | a 1009A, timing unit 1003B and a 
10 | Nee \ / \ va special head amplifier which is a 
: \ J a Vv a a modification of a type 1049A (to 
’ = ay << operate on negative high tension). 

a — wees In the chamber used at Berkeley, 
" Fig, 1. Scintillation spectrograph of radium gamma-rays : , photoelectric the alpha-particles sre collimated 





peaks; --—-, photoelectric peaks plus continua through a path of 40 in. and are 
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Table 1 





Harwell Chamber No. 12 
Weizhted 
mean 
10-* | d./min. x 


Count- Total 
counts 
x 10-* 


Total 
counts | ate 
x 10-* | d./min. x 
1-091 
0-445 
1-174 
0-658 
0-162 
0-160 


not counted 


Harwell Chamber No. 13 


d./min. x 10~¢ | d./min. » 


Berkeley Chamber 





Weighted 
mean 


Total Count- 
counts rate 
x 10-* | d./min. x 10-* 


Weighte! 
mean 
d./min. » 1 


Count- | 
rate | 
10-8 | 





1-954 | | 3° 
1-960 | a 
1-958 

957 

“954 


*952 


1-956 








1-574 
0326 
0-409 
0-164 
1°552 
0-098 
0-095 





8-109 
8-107 


8-118 











detected by a zine sulphide - silver phosphor and 
photomultiplier. The geometry factor is 2,635-1. 

Three plutonium sources deposited on platinum 
disks, 0-010 in. thick, were counted in each of the 
chambers. The results are given in Table 1. 

The lower count obtained at Berkeley for source 
37 may be due to some loss of plutonium in transit. 
There is a small amount of plutonium-241 in these 
samples. This is beta unstable and decays with a 
thirteen-year half-life to americium-241 (alpha half- 
life 470 years). There is therefure a small increase 
in the alpha activity of the sources. This is not 
expected to be more than 0-2 per cent in the year 
which elapsed between the measurements at Harwell 
and at Berkeley. 

The agreement between the two different methods 
of counting is remarkably good. We believe this is 
the first time such a comparison has been made to 
this level of precision. 

We wish to thank Mr. H. P. Robinson, of the 
Radiation Laboratory, University of California, 
Berkeley, for his collaboration in these experiments. 
Mr. Robinson is to publish a description of his 
chamber elsewhere. We also wish to thank Mr. A. J. 
Walter for assistance in counting the sources. 


K. M. GLovER 
G. R. Harty 
Chemistry Division, 
Atomic Energy Research Establishment, 
Harwell, Berks. 
Feb. 5. 


1 Hurst, R., and Hall, G. R., Analyst, 77, 790 (1952). 


Use of Dissolved Acetylene in Liquid 
Scintillation Counters for the Measurement 
of Carbon-I4 of Low Specific Activity 


THE application of scintillation counters to the 
measurement of carbon-14 of low specific activity 
has already been discussed!? and should be par- 
ticularly advantageous if large samples are available. 

The possibilities of using a crystal or plastic phos- 
phor containing the sample do not appear very 
practicable. A more promising method is to introduce 
the sample into a liquid scintillation counter either 
as the solvent or as a solute, or possibly as a@ sus- 
pended material of suitable refractive index. 


Toluene with carbon-14 introduced in the side 
chain would contain approximately 13 per cent bj 
weight of the carbon to be counted, but the synthesi 
of pure material might prove difficult to achieve o 
@ routine basis. 

If the sample is introduced as an additional solute 
it is essential that it should not cause large depressior 
in pulse-height at concentrations corresponding t 
approximately 10 per cent by weight of carbon. 

Acetylene has already been employed in a prc 
portional counter for radiocarbon dating* and a very 
satisfactory synthesis from carbon dioxide has bee! 
reported‘. 

We have measured the solubility of acetylene i 
toluene at — 78°C. and at 1 atmosphere pressure 
and examined its effect on a liquid scintillation 
counter working at this temperature. The phospho 


used in the experiment consisted of 2 : 5-dipheny|: 


oxazole at a concentration of 3 gm./l. in toluené 
containing 2 per cent of ethyl alcohol. This solutio 
remains clear when cooled to — 78°C. The count 
rate due to an external source of radium y-rays wi 
measured for various concentrations of dissolve 
acetylene. At — 78°C. the phosphor solution wil 
readily absorb more than one hundred times its ow 
volume of acetylene, with a change in counting 
efficiency of approximately 23 per cent. The relatio 
between counting efficiency and acetylene concentra 
tion is shown in Fig. 1. 

A counter of 100 ml. volume could thus conta! 
10 litres of acetylene, which is equivalent to 11 gm 
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Relative efficiency 





0-6 1 
0 0-4 0:8 
Volume of acetylene (lit.) at N.T.P. in 10 ml. phosphor 
Fig. 1 








oine 
oun! 
lucti 
nent 


vill | 


Jhen 
7 


Haye 


Arno. 
Crath 
‘ Bark 
Haye 


No. 4412 May y~ | 1954 


f carbon. Hayes and Gould® report a counting 
ficiency of 60-70 per cent for carbon-14 with the 
liphenyloxazole-toluene phosphor, and it should 
herefore be possible to realize at least 50 per cent 
ficiency after addition of acetylene, even if the 
23 per cent reduction observed in our experiments is 
1ot compensated by increase in amplification. 

At — 78°C. the thermal noise from the photo- 
nultipliers will be substantially reduced, and with a 
‘oineidence circuit the reduction in the random noise 
‘ount will be proportional to the square of the re- 
luction factor for a single tube. Further measure- 
nents using tubes in coincidence are in progress and 
vill be reported elsewhere. 

B. N. Aupric 
J. V. P. Lone 
‘hemical Research Laboratory, 
Teddington, Middlesex. 
March 2. 


Hayes, Williams and Rogers, Los 
(March 1953). 

Arnold, Science, 119, 155 (1954). 

Crathorn, Nature, 172, 632 (1953). 


Alamos Report LADC, 1397 


ya Barker, Nature, 172, 631 (1953). 


Hayes and Gould, Science, 117, 482 (1953). 


Crystal Structure of Parabanic Acid 


A PRECISE investigation of the crystal structure of 
parabanic acid has been undertaken to obtain 
vecurate bond-lengths and bond-angles for com- 
)arison with the crystal structures of diketopiperazine! 
ind cyanuric acid*, and with its infra-red spectrum. 
‘rystals of parabanic acid were easily obtained by 
slowly cooling a hot, concentrated water solution. 
X-ray examination showed that the crystals belong 
‘0 the monoclinic system with space group P2,/n, 
wnd the unit cell dimensions are: = 10-684, 
bh = 8-194, c = 5:044A.; B = 92°30’. There are 
our molecules in the unit cell. 

Three-dimensional intensity data were obtained 
rom equi-inclination Weissenberg photographs. 
Multiple films were used, and the intensities were 
neasured by visual comparison with an intensity 
scale. 

Approximate positions of the atoms were obtained 
‘rom a three-dimensional Patterson function, and 
1ave been refined from two-dimensional Fourier 
series and by three-dimensional least-squares treat- 
nent. During a late stage in the refinement of the 
ositional parameters, a difference synthesis was 
computed, and this showed that the oxygen atoms 
had markedly anisotropic temperature factors which 
were very different from those of the other atoms. 
In order to correct for this, and to see whether this 
-orrection would affect the positional parameters, 
‘complete anisotropic temperature factors for each 
1tom were introduced. They have the form : 


exp — (ah? + Bk? + yl? + dShk + ehl + yk). 


(hese temperature factors were then refined twice 
y the method of least squares. A final simultaneous 
‘efinement of positional parameters and temperature 
actors led to calculated structure factors which were 
n good agreement with the observed values. The 
LiFo — Fel -. a. 

=F is 0-094. The 
changes in positional parameters which resulted from 
the introduction of the temperature factors were 
small, with an average value of 0-003 A. 


liscrepancy factor R = 


NATURE 


993 


Fig. 1. The bond-lengths and bond-angles of parabanic acid 


The structure consists of planar molecules inclined 
by 36° to the (010) plane. Neighbouring molecules 
related by the n glide plane are linked in sheets by 
NH...O hydrogen bonds. The lengths of these bonds 
are N,...O,y = 2-874; N,...O. = 2-835 A. The 
oxygen of the unique carbonyl group is not involved 
in hydrogen bond formation. The bond-lengths and 
bond-angles of the molecule are shown in Fig. l. 

A more detailed account of this work will be pub- 
lished elsewhere. 

This investigation was supported in part by a 
research grant, RG-1987, from the National Institutes 
of Health, Public Health Service. 

Davip R. Davies 
J. J. Brum 
California Institute of Technology, 
Pasadena, 4. 
Feb. 1. 


1Corey, R. B., J. Amer. Chem. Soc., 60 1598 (1938). 
2 Wiebenga, E. H., and Moerman, N. F., Z. Krist., 99, 217 (1938). 


Direct Observation of Polygonization in 
Rocksalt 


POLYGONIZATION has been studied hitherto by 
means of two different methods: Guinier and 
co-workers! used refined X-ray methods, which, how- 
ever, only permit the detection of orientation differ- 
ences without localizing the domain responsible for a 
particular spot ; Cahn and others’, on the other hand, 
used etching techniques to make visible the polygon 
boundaries. The mean difference of orientation was 
estimated from the radius of curvature of the bent 
specimen and the width of the domains. 

We describe here a further simple approach to the 
study of polygonization, based on the property of 
cleavage. When a crystal is polygonized, it is in fact 
to be expected that its cleavage faces will be poly- 
gonal. This has now been confirmed by observations 
on sodium chloride crystals. The method permits 
direct observation of the domain and an accurate 
measurement of the differences of orientation. 

Konobejewski and Mirer* have observed by means 
of the Laue method that bent crystals of sodium 
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Fig. 1. 
cleavage 


Polygonization domains in rocksalt as observed on a 
face: (a) ordinary light; (6) Francon method of 
observation 


chloride readily become polygonized after suitable 
heat treatment. We have bent small cleavage prisms 
of synthetic rocksalt under warm water and annealed 
them during 6 hr. (in a typical case) at 600°C. In 
order to produce a face suitable for observation, the 
specimens were cleaved again very carefully, follow- 
ing the two cube planes parallel to the axis of bending. 
The cleavage faces were then silvered and examined 
by means of a polarizing petrographic microscope. 
When using bright-field illumination at normal 
incidence, remarkably straight lines parallel to the 
axis of bending were faintly visible on both cleavage 
faces (Fig. la). 

These lines are the boundaries of the polygon 
domains. They could be made much better visible 
using one of the methods of observation introduced 
by Francon!. The method consists in putting a 
Savart polariscope in the 45 deg. position in front 
of the objective. When working with crossed nicols, 
orientation differences are seen as colour differences 
in white light, and as intensity differences in mono- 
chromatic light. A step is seen as a narrow strip of 
different colour or of different intensity. Fig. 1b 
shows a cleavage face of sodium chloride observed 
by means of this method. The difference in orientation 
of the domains is now readily visible, and it is also 
evident that within a domain the cleavage face is 
flat apart from steps produced by cleaving. It was 
found that the dislocation walls are perpendicular 
to the slip vector 3{110!, as is to be expected from 
theory®. 

It is now possible to measure accurately the 
orientation difference across a particular boundary 
as well as the local curvature, using one of the 
multiple-beam interferometry techniques introduced 
by 8S. Tolansky*. 

This work is part of a research scheme supported 
by I.R.S.I.A. (C.E.S.). I wish to thank Prof. W. 
Dekeyser for his interest and Prof. M. Francon for 
the loan of equipment. 

S. AMELINCKX 
Laboratorium voor Kristalkunde, 
Geologisch Instituut, 
Rozier, 6, 
Ghent. 
Feb. 25. 

1 Guinier, A., and Tennevin, J., ‘‘Progress in Metal Physics’, 2 (edit. 
by B. Chalmers. Interscience Publishers, New York, 1950). 
*Cahn, R. W., J. Inst. Metals, 76, 121 (1949); see also ‘*Progress in 

Metal Physics’, 2. Dunn, C. G., and Daniels, Fk. W., Trans. Amer. 

Inst. Met. Eng., 191, 147 (1951). 

3 Konobejewski, S., and Mirer, I., Z. Krist., 81, 69 (1932). 

‘Francon, M., Revue d’Optique, 31, 65 (1952). 

5 Cottrell, A. H., “Dislocations and Plastic Flow in Crystals” (Oxf. 
Univ. Press, 1953). 

* Tolansky, S., “‘Multiple Beam Interferometry of Surfaces and Thin 
Films” (Oxf. Univ. Press, 1948). 
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Multilayer Dielectric Reflecting Films at 
Wave-lengths between 4000 and 4600 A. @ater : 
In a previous communication!, we gave som 
measurements of the performance of multilaye 


dielectric interference filters in the wave-length rang 
4000-4600 A. We are grateful to M. P. Giacom: 
for first pointing out that, in deducing from ou 
results the properties of dielectric reflecting films, w 
failed to take into account the variation of phas 
change with wave-length, which has been treated by 
Dufour?. His results show that in our case thé 
filters should have been considered not as of firs 
order, but as of order 2-45. Our values of the r 
flexion, transmission and absorption coefficients fo} 
seven-layer reflecting films of cryolite and zin 
sulphide on glass are then as in the table. 


alleab 








A | 4100 A. | 4300 A. 


| 
eran iar } =| 
| 
| 
| 


4500 A. 
— versa 
1e Cop 





| Reflexion coefficient 0-956 0-958 0-960 
Transmission coefficient 0-027 0-030 
Absorption coefficient 0-017 0-012 





Magi 
Our conclusions that seven-layer dielectric filims 
are superior to silver films as Fabry—Perot inter. 
ferometer coatings at these wave-lengths still, how- 
ever, remains valid. The ‘effective number of in- 
terfering beams’ for the former is about 95 at A 4,200. 
which is more than sufficient to take advantage of 
the best-quality optical flats. PI 
J. Rine 
W. L. Witcocrk 
Physical Laboratories, 
University, Manchester 13. 
March 19. 
1 Ring, J., and Wilcock, W. L., Nature, 171, 648 (1953). 
* Dufour, C., Revue d’Optique, 31, 1 (1952). 


Electrolytic Corrosion of Iron and Copper 
Ir is generally accepted that if cast iron and copper 


are coupled together in a brine solution, the iron, @¢tecti 


being the less noble member, is likely to suffer¥j: shor 
corrosion. ‘The copper, on the other hand, will be fee di 
made ‘more negative’ by contact with the iron and §ucleic 


An i 
serv 
tnt. 

at erec 
a erec 


will be prevented in greater or less degree from 
corroding. The classical work on this subject was 
that of Sir 4lumphry Davy, and is wel) known to 
electro-chemists and to corrosion engineers. 

A short time ago, I had an opportunity of inspecting 


a large cast iron vessel, used for heating brine, in §reatl; 
the central region in which was fixed a system of @creas 
copper tubes. After many years successful use, a §rder. 
considerable degree of corrosion had become evident §! reac 


on the upper ends of the copper tubes and end plate, 9 Fib1 


and this apparently was of fairly recent origin. The §*chni 
conditions of use had not apparently changed, but it §°-wol 
became clear that the cast iron in this vicinity had H/istill 
gradually become heavily graphitized. Experiments @onu 


made on samples of copper coupled to graphitized 
cast iron in saturated brine solutions showed that 
surprisingly heavy currents could flow in a direction 
which made the copper the anode with considerable 
dissolution of this metal. That is to say, the graph- 
itized cast iron was considerably more noble than 1 
copper, whereas normally cast iron is less noble. This 
fact does not appear to have been recorded previously, 
and if it is at all a general phenomenon it raises 
important considerations in relation to the coupling 
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} at copper service pipes to older cast iron gas and 
A. ater mains, many of which may have become 


aphitized in the course of years, as well as in other 
mmercial applications. 

An interesting sidelight on this phenomenon, which 
deed may seem obvious enough when attention is 
rected to it, is that Davy, using zinc, malleable 
m and cast iron in his experiments on the pro- 
ection of copper sheathing of the hulls of warships, 
‘pressed a preference for cast iron rather than 
alleable on the grounds that “‘it lasts longer than 
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ine alleable iron or zine; and the plumbaginous sub- 
he reseence, which is left by the action of seawater upon 
ts fog retains the original form of the iron and does not 
zindg pede the electrical action of the remaining metal’. 
[t now appears that after the first stage, when the 
m has been sufficiently removed by dissolution in 
—___@: function as an anode, the ‘“‘plumbaginous sub- 
re ance” remaining may actually bring about a 
= —|Bversal of the polarity and lead to a dissolution of 
30 e copper instead of its protection as intended. 
wd W. F. Hicerns 
Magnesium Elektron, Ltd., 
films Lumm’s Lane, 
nter Clifton Junction, 
how Nr. Manchester. 
f in Jan. 22. 
»200 
re of se, 
Physical Studies on Ribonucleic Acid 
“K WE have recently taken X-ray photographs of 
tbonucleic acids (RNA) from various sources. 
bwdered or lyophilized specimens from tobacco 
losaic virus, turnip yellow mosaic virus, calf liver, 
If thymus (two preparative techniques) and yeast 
uve been examined. The photographs appear to 
identical (Table 1), suggesting that there is an 
uderlying three-dimensional configuration common 
all ribonucleic acids, despite the large differences 
er #: the purine—pyrimidine ratios!. Of course, the non- 
yper #evstallinity of the specimens would preclude the 
ron,™&tection of minor differences between the patterns. 
ffer§! should be noted that these X-ray powder patterns 
be@xe different from those obtained from deoxyribo- 
and @ticleic acid (DNA)?. 
‘om § An interesting transformation in these patterns is 
was §oserved on raising the relative humidity above 90 per 
to @cnt. A ‘wet’ form is obtained with the powder rings 
atered as listed in Table 1. The outermost rings are 
ing ered very little, but the inner rings are changed 
in @zeatly both in position and intensity and have an 
of @.creased sharpness indicative of more long-range 
, afjeder. This transformation of ‘dry’ to ‘wet’ forms 
ont $i readily reversible. 
te, J Fibres of ribonucleic acid were obtained by a 
he @'chnique based on that used by Wilkins and his 
it §0-workers? in their work on deoxyribonucleic acid. 
ad @listilled water was added to a small sample of 
its Bmonucleic acid with a micropipette. When the 
ed Bible 1. Spactyas OBSERVED IN POWDER PHOTOGRAPHS OF RIBO- 
at NUCLEIC ACID FROM VARIOUS SOURCES 
on | 
le ‘Dry’ form ‘Wet’ form 
* Spacing (A.) Intensity Spacing (A.) Intensity | 
un : 24°3 very strong | 
‘ 10:1 medium 11°3 strong 
‘is 70 very weak 73 weak | 
, 5:3 medium 5-4 medium | 
és 5-9 . 3-9 ? | 
3-2 + 3-2 strong | 





NATURE 







995 


material was sufficiently gelatinous, a small glass 
fibre was dipped into the material and slowly with- 
drawn, using a microscope stage and ocular tube for 
controlling the process. A small amount of material 
adheres to the glass fibre and, by controlling both 
the speed of withdrawal and the water content, 
fibres have been obtained more than a centimetre 
in length, and with diameters down to 5u. Upon 
air drying, the fibres become quite brittle and can be 
readily manipulated for optical investigation. 

Not all ribonucleic acid preparations could be 
drawn into fibres. For example, one of the two pre- 
parations of calf thymus ribonucleic acid could be 
drawn into fine fibres, whereas the other would pro- 
duce no fibres at all, probably because of partial 
depolymerization. Nevertheless, they gave identical 
X-ray powder patterns. 

The fibres are birefringent, and many show com- 
plete extinction under the polarizing microscope. 
The birefringence is negative like that of deoxyribo- 
nucleic acid and usually has a magnitude of 0-02, 
with occasional sections running as high as 0-04. 
Just as in deoxyribonucleic acid, the negative bi- 
refringence probably reflects an orientation of the 
nucleotide bases more nearly perpendicular than 
parallel to the fibre axis. 

The changes in the X-ray powder pattern of ribo- 
nucleic acid at various relative humidities may be 
correlated with changes in the macroscopic pro- 
perties of the fibres. Upon raising the relative humid- 
ity from 35 per cent (air-dried fibre) to 95 per cent, 
the length increases by approximately 25 per cent 
and the diameter by 20 per cent, without a marked 
change in birefringence. The water content of this 
material increases from 12 per cent of dry weight 
in the air-dried form to 80 per cent at a relative 
humidity of 95 per cent. If the humidity is lowered, 
the fibres will contract again almost to their original 
length. At relative humidities near 100 per cent, 
the fibres slowly lose their birefringence and shape, 
and form amorphous masses. 

If, in drawing out the fibres, one increases the 
tension rapidly, they often give way at a point to 
form a narrower section. ‘This ‘necked’ region is 
positively birefringent, in contrast to the rest of the 
fibre, and is separated from the unaltered regions 
of negative birefringence by small regions of zero 
birefringence. The magnitude of the positive bire- 
fringence is variable but has been measured as high 
as + 0-02. A phenomenon similar to this has been 
observed by Wilkins et al. with deoxyribonucleic 
acid fibres*. As with deoxyribonucleic acid, releasing 
the tension and placing the fibre in a moist atmosphere 
brings about a reversal to a state of negative bire- 
fringence. Thus, it appears that both ribonucleic 
and deoxyribonucleic acid can exist in two states, 
one unstretched and negatively birefringent, the 
other stretched and positively birefringent. 

X-ray photographs of ribonucleic acid fibres have 
been. obtained which show fibrous orientation. A 
detailed discussion and interpretation of these photo- 
graphs will be the subject of a future publication. 

These investigations of ribonucleic acids from 
various sources point to the existence of a common 
structure. Moreover, the fact that ribonucleic acid 
can be drawn into fibres capable of giving oriented 
X-ray fibre patterns implies that it is a long asym- 
metrical molecule, which is in agreement with some 
recent physical chemical characterizations of ribo- 
nucleic acid‘. Although they are quite distinct 


molecules, we see from the above that the similarity 
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between ribonucleic and deoxyribonucleic acids ex- 

tends not only to their chemical constitution and 

linkages®, but also to some of their physical properties. 
We wish to thank Drs. C. A. Knight, E. Volkin, 
R. Markham, A. L. Dounce and N. Simmons for 
their generous co-operation in providing samples of 
ribonucleic acid. Further details of this investigation 
will be published at a later date. 
ALEXANDER RICH 
(U.S. Public Health Service) 

Gates and Crellin Laboratories of Chemistry, 

J. D. Watson 
Kerckhoff Laboratories of Biology, 
California Institute of Technology, 

Pasadena 4, California. 
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The Carbohydrate of Connective Tissue 

In a recent paper! on the mucopolysaccharides of 
bovine cornea, Meyer, Linker, Davidson and Weiss- 
mann conclude that ‘“‘keratosulphate is the only 
sulphated polysaccharide of animal origin which 
does not contain a uronic acid as one of its main 
constituents”, and they showed that it contained N- 
acetylglucosamine and galactose in equimolecular 
proportions and formed about half the total 
polysaccharide present. 

Recently?, we postulated the presence of uronic 
acid-free polysaccharide consisting of glucosamine, 
galactose and probably mannose, as forming the 
major polysaccharide component of subcutaneous 
connective tissue. These three sugars have also been 
shown by Glegg, Eidinger and Leblond*® to occur as 
major constituents in the carbohydrate components 
of other types of connective tissue, an observation 
which has also been confirmed in these laboratories 
(unpublished). It is considered of interest to sum- 
marize some recent investigations which have 
demonstrated at least two uronic acid-free acid 
polysaccharides in subcutaneous connective tissue, 
probably forming the bulk of the bound poly- 
saccharides present. 

By treatment of human abdominal subcutaneous 
connective tissue, previously freed from fat and water- 
soluble material, with N/5 potassium hydroxide 
at 0° for fourteen days, carbohydrate and protein 
were extracted. Three fractions were isolated from 
the solution, amounting altogether to about 6 per 
cent of the original weight. Two were insoluble in 
dilute acetic acid and formed about 75 per cent of 
the extracted material ; the third was readily soluble 
in acetic acid. The carbohydrate content of the three 
fractions was 10-20 per cent, and on mild acid 
hydrolysis, the sugars released from all the fractions 
were demonstrated, by chromatography and iono- 
phoresis on paper‘, to be chiefly hexosamine, galactose 
and mannose, with galactose predominating over 
mannose. Relatively small amounts of other sugars 
were present, but uronic acid was not observed, and 
the small amounts of colour produced by the Dische 
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Electrophoresis of fractions from human subcutaneous 
Whatman No. 1 paper. Phosphate buffer pH 7 at 10:3 
V./em. for 2 hr. Toluidine blue stain. a, 6, Acetic acid — insoluble 
fractions; ¢, acetic acid — soluble fraction; d, cartilage chon- 
droitin sulphate (50 wgm.). 0-5-1 mgm. of each fraction used 


method for uronic acid® could largely be accounted 
for by the hexoses present. 

Acidic polysaccharides were demonstrated by 
electrophoresis on paper, followed by staining with 
toluidine blue, a method similar to that of Rienits'. 
Fig. 1 is a photograph showing at least two meta. 
chromatic components with moderate to high mobility 
towards the anode and a third component of low 
mobility present only in the acetic acid-insoluble 
fractions. None had the same mobility as cartilage 
chondroitin sulphate, and a two-dimensional separa- 
tion (chromatography followed by electrophoresis) 
further demonstrated their non-identity with chon- 
droitin sulphate. This is illustrated for the acetic 
acid-soluble fraction in Fig. 2. The presence of 
sulphate groups, while not yet proved, may be 


Electrophoresis 


(b) 


aig 


Origin ——”* 


Chromatography 
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Fig. 2. Two-dimensional separation of acetic acid — soluble 
fraction. Solution containing 2 mgm. applied at origin on 
Whatman No. 1 sheet. Chromatography in 2: 6 lutidine, tert. 
butanol, water (1: 1:2) for 17 hr. followed ‘by electrophoresis 
as lescribed under Fig. 1. a, Chromatogram control with 40 ugm. 
chondroitin sulphate on same sheet and removed before electro- 
phoresis; 6, electrophoresis control with 40 ugm. chondroiti! 
sulphate on same sheet 
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Conditions as described under Fig. 1. a@ and d, Chon- 
roitin sulphate (50 wgm.); 6, subcutaneous tissue extract; 
c, skin extract. About 1 mgm. of each extract used 
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smponent ; but this and the moderately fast com- 
pnent were present in the skin extract. This is 
illustrated in Fig. 3. Hydrolysis of the rabbit extracts 
eased sugars similar to those found in the human 





pmctracts. 





These observations suggest that polysaccharides of 

atype similar to ‘kerato sulphate’ are present in 

«nnective tissue other than cornea. 
R. ConsDEN 
R. Brrp 

vecial Unit for Juvenile Rheumatism, 

Canadian Red Cross Hospital, 

Taplow, Maidenhead, Berks. 

Jan. 29. 
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Free-Radical Activity of Reinforcing 
Rubber Fillers 


In our studies on the mechanism of rubber rein- 
fireement, we were led to assume that primary 
wlency bonds are likely to form between an ‘active’ 
filer and the rubber-matrix via free radical inter- 
nediates. The hypothesis was based on the following 
onsiderations : 

(a) Although a strong school of thought still main- 
nins that the strength of bonding depends mainly 
van der Waals’s forces, and therefore on particle 
izel, there is a number of individual observations 
vhich suggest the presence of ‘reactive sites’ and 
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formation of strong bonds of a chemical nature 
between filler and rubber?. Foremost among these 
is the phenomenon that the incorporation of active 
pigments such as carbon blacks, silicas and the like 
into rubber results in the insolubilization of a part 
of the rubber’. This part is conveniently called 
‘bound rubber’ or ‘carbon-gel’. 

(b) E. H. Farmer and his school have shown that 
the vulcanization process is based on a free-radical 
mechanism wherein a number of the rubber double- 
bonds and «-methylene groups, sulphur and accelera- 
tor are involved, resulting in the formation of three- 
dimensional giant networks! The mechanism of 
mastication is also known to consist in the production 
of free radicals in the presence of suitable ‘radical 
acceptors’, such as oxygen‘. 

(c) There are some common features in both 
reinforcement and vulcanization, such as crystalliza- 
tion effects®. 

(d) Little or no reinforcing action of otherwise 
active pigments is observed with saturated polymers, 
for example, polyisobutylene’. 

Correlation of these facts appeared most plausible 
if we assumed that the formation of chemical bonds 
between pigment and rubber constitutes an integral 
part of the chemical cross-linking that may com- 
mence in the rubber mill and is completed by vul- 
canization, all the interacting partners exhibiting 
free-radical character at one stage or the other. To 
test this hypothesis we have studied the reactivity 
of pigment surfaces towards simple organic and in- 
organic free radicals. (Controls with the correspond- 
ing ionic species were included to ensure that the 
effects observed .were due to free-radical reactions.) 

Although the results will prove of particular interest 
in the rubber field, they are also likely to throw new 
light on the problem of ‘chemisorption’ and also, 
perhaps, on the nature of ‘catalytic activity’ of some 
solids of interest in other fields. The results are 
briefly as follows. 

Active pigments react with free radicals with the 
formation of new primary valency bonds. Thus, 
certain reinforcing blacks can, by the attachment of 
SO,?- free radical ions, be made hydrophilic; they 
are easily dispersed in water to form stable colloidal 
suspensions. 

Introduction of organic free radicals such as 
C,H,—C—O: or C,,H;;—C—O: yields chemically 
\| 


| 
O 


modified pigments, showing markedly changed dis- 
persion and wetting characteristics in various 
solvents. 


Mono-oxidation products of certain diamines, such 
as ‘benzidine blue’ derived from benzidine, being semi- 
quinones in character, easily react even with less- 
active pigments (for example, silicas) and thus pro- 
vide a useful measure of activity. 

From the experiments with free radicals the number 
of active centres for a series of fillers has been cal- 
culated and found to cover a range of 0:01-2-3 per 
100 sq. A. 

Multifunctional organic free radicals, such as poly- 
styrene di-radicals, as may be set up in the course 
of uncatalysed mass-polymerization at moderate 
temperature, on reaction with active carbon blacks, 
form cross-linked electrically conducting gels which 
resist solvent extraction. These are considered to be 
complete analogues of the well-known rubber—carbon— 
gels. The mechanism of their formation, namely, by 
a free radical reaction, is strongly supported by the 
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lack of gel-formation if polystyrene granuies are 

dissolved and an active pigment added to the solution. 

Oxidation reactions of pigment surfaces at tem- 
peratures of 50-70° C. were studied by the well-known 

tussell technique. Exposure of photographic emul- 
sions to pigments gave results of a very complex 
nature. By using suitable screening agents, we have 
been able to detect at least three different effects : 
(i) luminescence, (ii) a ‘pseudo photographic’ effect 
as produced by oxidizing agents, hydrogen peroxide 
being the most common fog-producing material, and 
(iii) an ‘emission’. From the evidence obtained so 
far the last is considered to consist of low-energy 
electrons (probably less than 10 eV.) that are made 
available by an oxidation mechanism comparable 
to the Kramer effect with freshly abraded metal 
surfaces. 

Pigments of comparable particle-size are not 
equally active towards free radicals. The photo- 
graphic results also show pronounced differentiation 
as regards ability of different pigment surfaces to 
affect photographic emulsions. It therefore appears 
that small particle-size of a pigment is a necessary 
though not sufficient condition for activity. 

The evidence obtained seems sufficient to suggest 
that reinforcing blacks and also a number of inorganic 
‘active’ fillers can act as single-electron donors and 
can, in the presence of radicals or ‘radical acceptors’, 
produce chemically modified solids by the formation 
of new primary valence bonds. It furthermore 
would appear worth while to investigate the actinic 
effects of free radicals generally, since, in a way, they 
may be regarded as single elcctrons attached to 
material particles. 

A full account of the rubber aspects of this work 
will be presented at the forthcoming Third Rubber 
Technology Conference, London. _ 

V. A. GARTEN 

Division of Industrial Chemistry, 

Commonwealth Scientific and 
Industrial Research Organization, 

Melbourne. 
Jan. 27. 
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Reversible Inhibition of Pepsin by 
Polylysine 


THE mode of action of low-molecular weight 
enzyme inhibitors has been intensively studied. This 
does not, however, apply to high-molecular weight 
enzyme inhibitors. So far as we are aware, no work 
has been published on synthetic high-molecular weight 
enzyme inhibitors, and the mode of action of natural 
high-molecular weight enzyme inhibitors, such as the 
pepsin inhibitor and the various trypsin inhibitors, 
is still not fully understood. 

A natural pepsin inhibitor was isolated from 
pepsinogen in a crystalline form by Herriott!, who 
identified it as a basic polypeptide of molecular 
weight 5,000-10,000, containing a high percentage of 
arginine. As pepsin behaves electrophoretically as a 
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strong acid, it could be assumed that the electro. 
static attraction between the negatively charged 
enzyme and the positively charged inhibitor plays 
a significant part in the formation of the pepsin- 
inhibitor complex. In the complex formed, the active 
areas of the enzyme are ‘masked’, and therefore its 
activity abolished. The similarity in the physico. 
chemical and biological properties of the syntheti: 
basic polyamino-acids and natural basic peptides 
encouraged us to investigate the possible inhibitioy 
of pepsin by polylysine, polyornithine and poly-p. 
aminophenylalanine. 

Constant amounts of poly-L-lysine hydrobromide' 
(average degree of polymerization n = 36) were 
mixed in 0:06 N hydrochloric acid with varying 
amounts of crystalline pepsin and the peptic activity 
of the mixtures to hemoglobin tested spectrophoto- 
metrically, as described by Anson‘. The effect o/ 
increasing amounts of pepsin, at three concentrations 
of polylysine, on the amount of pepsin inactivated 
(pepsin combined) is given in Fig. 1. The sets of 
values for constant polylysine concentrations at 
pH 1-7 resemble closely those obtained by Herriott! 
for the natural pepsin inhibitor at pH 5-7. The 
continuous lines in Fig. 1 were obtained by assuming 
the reversible reaction : 

Pepsin + polylysine = pepsin — polylysine compound 
[Pepsin] [Polylysine] 
| Pepsin — polylysine compound] 





n analogy with Herriott’s assumption for the natural 
nhibitor. The total concentration of polylysine can 
be expressed as a pepsin equivalent derived from 
the amount of pepsin which combines with the 
synthetic inhibitor at a large excess of enzyme. The 
value of K = 0°5 x 10-4 [F.U (Hb, ml.)] is then 
found to fit best the experimental results. 

The inhibitory action of polylysine seems to be 
instantaneous, for the pre-incubation of pepsin wii) 
polylysine at room temperature from five to thirty 
minutes did not change the extent of inhibition. 
The reversibility of the interaction between pepsin 
and the synthetic basic peptide was ascertained by 
the observation that solutions containing the 
enzymatically inactive pepsin — polylysine complex 
regained full peptic activity in the presence of a 
large excess of heparin. The restoration in enzyme 
activity has probably been caused by the formation 
of a complex between the basic polylysine and the 
strongly acidic heparin according to the following 
scheme : 

Pepsin — polylysine compound + heparin > 
pepsin + polylysine —- heparin compound 

The importance of positively charged groups in the 
high-molecular weight synthetic pepsin inhibitors was 
demonstrated in parallel experiments with various 
water-soluble polyamino-acids, where it has been 
shown that the basic polyornithine and poly-p-amino- 
phenylalanine act similarly to polylysine as pepsin 
inhibitors, while poly-pL-alanine and the polyaspartic 
and polyglutamic acids show no inhibitory effect. 

It is of interest to note that, while the natural 
pepsin inhibitor inhibits pepsin activity between 
pH. 5-0 and 6-0, polylysine shows marked inhibitory 
effect both at pH 1-7 and pH 6-0 (the inhibitory 
effect at this pH was demonstrated by the rennet 
test!). The interaction of polylysine with pepsin at 
a pH as low as 1-7 is probably the result of the 
large number of positive charges on the peptide 
and negative charges on the enzyme at these low 
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twenty-nine of these, there was a single 
large well-formed nucleus resembling a 
normal male pronucleus at full de- 
velopment (Fig. 1). The other six 
nucleated eggs had two nuclei each, 
which suggested in appearance male 





and female pronuclei, and which prob- 
ably resulted from partial scatter of 
the chromosomes prior to nucleus 
formation. Polar bodies were evident in 








twenty-five mononucleate and in all 
binucleate eggs; these were regarded 
as second polar bodies because the 
first has been found to persist in 








8 10 
Pepsin added [P.U. (Hb, ml.) ] x 10¢ 


Fig. 1. 


degree of polymerization n = 36) on the amount of pepsin bound 
inhibitor, at pH 1-7. The points are the determined values. The solid lines are 
the theoretical curves calculated from the mass law, as indicated in the text. 
The broken lines indicate the course of the reaction if it were stoichiometric, 


that is, K = 0 


#H values. Contrary to the natural pepsin inhibitor, 
plylysine is resistant to pepsin hydrolysis. 

The similarity in the solubility of polylysine and 
ie natural pepsin inhibitor in trichloroacetic acid, as 
vell as the precipitation of both with tungstic acid at 
|H_ 2-0, enabled us to demonstrate that polylysine may 
le isolated from a pepsin — polylysine compound by 
ne application of Herriott’s method! for the isolation 
f the natural pepsin inhibitor from pepsinogen. 

This investigation is supported by a research grant 
PHS G-3677) from the National Institutes of Health, 
lublic Health Services, U.S.A. 

EPHRAIM KATCHALSKI 
ARIEH BERGER 
Hava NEUMANN 
Veizmann Institute of Science, 
Rehovoth, Israel. Jan. 7. 
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‘Katchalski, E., Grossfeld, I., and Frankel, M., J. Amer. Chem. Soc., 
70, 2094 (1948). 
‘Anson, M. L., J. Gen. Physiol., 22, 79 (1939). 


Nucleus Formation and Cleavage induced 

in Unfertilized Rat Eggs 

RaBBIT eggs subjected in vivo to cold-shock treat- 
nent seldom abstrict the second polar body!, but 
fequently form one or two nuclei, resembling pro- 
uclei, and may later undergo cleavage!*. The re- 
yonse of the rat egg to cold-shock is different, in 
hat the abstriction of the second polar body regu- 
irly occurs and the group of chromosomes remaining 
vithin the egg commonly becomes scattered}’*. Nucleus 
frmation and cleavage have not been seen, but mostly 
te observations were restricted to a period of a few 
burs after the application of the stimulus. 

It has now been found that, after cold-shock 
teatment, a small proportion of rat eggs will undergo 
wparent early parthenogenetic development. Cold- 
uock was applied to the eggs of 130 cestrous rats 
uder ‘Nembutal’ anesthesia 8-12 hr. after ovulation. 
lhe rats were killed during the succeeding two days. 
4mong the 957 eggs recovered, 98 eggs showed 
n-formation of nuclei or stages of cleavage; the 
fatures exhibited depended upon the time-interval 
btween operation and slaughter. 

Some of the rats were killed at 18-22 hr. and 
jielded thirty-five nucleated undivided eggs. In 


The effect of increasing amounts of pepsin and poly-L-lysine (PL) (average 


only 1-3 per cent of rat eggs’, and 
emission of the second follows cold- 
shock. 

Rats killed at 20-22 hr. after opera- 
tion provided eight eggs that showed 
groups of chromosomes arranged as 
in the anaphase and telophase spindles 
of the first cleavage division. 

The remaining fifty-five eggs were recovered from 
rats killed between 24 hr. and 48 hr. after operation ; 
they had undergone cleavage and strongly resembled 
fertilized 2-cell eggs in the evenness of the blasto- 
meres, the texture of the cytoplasm and the form 
of the nuclei (Fig. 2). Polar bodies were identifiable 
in most of the eggs. 

It was noted earlier that unfertilized rat eggs may 
spontaneously undergo fragmentation in such a way 
as superficially to resemble the cleavage stages of 
fertilized eggs'. In none of these ‘pseudo-normal’ 
eggs, however, was the nuclear state normal ; in the 
great majority, the nucleus was completely lacking 
or was represented by subnuclei only. Spontaneous 
formation of an apparently normal nucleus can 
occur; but we have seldom observed it'. 

It was concluded in the paper already referred to* 
that the unpenetrated rat egg has a tendency towards 
parthenogenetic development. The cold-shock treat- 
ment, by inducing the abstriction of the second 
polar body, evidently facilitates the expression of 
this tendency. The phenomena of nucleus formation 
and cleavage described in the present communication 
may be regarded as evidence of parthenogenetic 
development for two reasons: first, the nuclei are 
very similar to pronuclei of to normal 2-cell nuclei 
and, secondly, the processes leading up to and in- 
cluding the first cleavage correspond, both in general 
features and in time-relations, to the pronuclear 
growth, mitosis and cleavage of fertilized eggs. 
Whether extensive parthenogenetic development is 
possible has not been determined. Nevertheless, these 
artificially activated eggs are of special interest, 
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Fig. 1. Rat eggs recovered after cold-shock treatment in vivo. 

(1) Undivided egg showing single large nucleus. (2) Egg in 2-cell 

stage, showing well-formed nuclei. Both eggs slightly compressed 
by coverslip. x 250 
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because regular extrusion of the polar body means 
that they are almost certainly haploid. Study of 
the induced nuclei in 1-cell and 2-cell eggs may thus 
help to throw light upon the conditions influencing 
size and form in normal pronuclei and nuclei. This 
problem is the subject of a more detailed report 
which is being prepared for publication elsewhere. 
C. R. AUSTIN 
A. W. H. BrapEN 
Division of Animal Health and Production 
(Commonwealth Scientific and 
Industrial Research Organization), 
McMaster Laboratory, 
Glebe, N.S.W. 
March 19. 
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Metabolism of Gamma-Benzene Hexa- 
chloride in the Animal Body 

In order to gain a better insight into the means 
of defence against benzene hexachloride (BHC) 
intoxication, which the animal organism has at. its 
disposal, the metabolism of this insecticide has been 
the object of investigations in our laboratory. 

For the quantitative assay of the toxicant in animal 
tissues we used a method! which combines the 
simplicity of the method described by Roith? for 
qualitative purposes with the accuracy of the method 
published by Schechter and Hornstein*. The principle 
of this method consists of dechlorination of BHC 
to benzene by means of zine dust in acetic acid, 
nitration of benzene to dinitrobenzene and colori- 
metric determination of the intensely violet-red 
reaction product formed by the latter compound 
with methyl ethyl ketone and alkali. 

A series of related substances has been tested by 
this method. Only the four principal isomers of BHC 
and benzene gave a positive reaction. No colour at 
all was obtained with phenol, meso-inositol, hexa- 
methoxy cyclohexane, trichloro benzene and mono- 
chloro cyclohexane. Moreover, scarcely any colour 
was obtained after running control analyses on the 
tissues of untreated animals. We are inclined to 
consider the method rather specific. Nevertheless 
it is possible that a positive colour reaction will be 
shown by metabolites of BHC. 

After subcutaneous, intraperitoneal or intravenous 
injection of gamma-BHC into albino mice a rather 
rapid breakdown of the toxicant could be observed. 
A subcutaneously injected dose of 1 mgm. gamma- 
BHC was eliminated in the course of four days by a 
mouse of about 15 gm. weight. When 200 ugm. 
of gamma-BHC was injected intravenously (in pea- 
nut oil-Ringer emulsion) all the toxicant had dis- 
appeared within twenty-four hours. The excreta 
contained no BHC, or only negligible amounts ; the 
amounts in brain, liver, kidney and muscle tissue 
after subcutaneous, intravenous and oral admin- 
istration turned out to be rather low. Mostly 
only 20 ugm. or less per gram of tissue were found. 
Accumulation of the toxicant in these tissues could 
not be demonstrated. There are some indications 
that gamma-BHC may be accumulated in the fat 
depots of the body. However, it should be kept in 
mind that BHC was injected in oily solution. 
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A rather rapid breakdown of gamma-BHC was also 
observed in resistant houseflies ; twenty-four hours 
after injection of 22 ugm. per gram of animals, only 
negligible amounts could be recovered. Here, too, none 
was found in the excreta. One of us (F. J. O.) deak 
with this subject in the following communication. 

As to the nature of the metabolites of gamma-BH¢ 
we are entirely ignorant. It should be emphasizei 
that breakdown in the above sense and detoxication 
(conversion into a non-toxic compound) need not 
parallel each other. 

Investigations concerning the metabolism of othe 
isomers of BHC are in progress now. Moreover, i 
closer study of the correlations between the symptom: 
of intoxication and the course of the metaboli 
changes after administration of different isomers of 
BHC is to be made. 

K. van ASPEREN 
F. J. OPPENOORTH 

Laboratory for Research on Biocides, 

National Council for Agricultural Research 
T.N.O., 
Vondellaan 6, Utrecht. Jan. 14. 


1 Asperen, K. van, and Oppenoorth, F. J., Chemisch Weekblad (in the 
press, 1954) (Dutch text only ; publication in English will follow 
in due course). 

2 Reith, J. F., Chemisch Weekblad, 49, 691 (1953) (Dutch text only 

Schechter, M. S., and Hornstein, I., Anal. Chem., 24, 544 (1952). 


Metabolism of Gamma-Benzene Hexachloride 
in Susceptible and Resistant Houseflies 


THE metabolism of gamma-BHC was studied in 
three strains of houseflies : a susceptible strain (S) and 
two gamma-BHC-resistant strains (R,, R,), one oi 
which was also resistant to DDT (R,). The method 
used was as described in the preceding communica- 
tion. 

The flies were injected into the thorax with 0-3 ugm. 
gamma-BHC in 0-3 mm.? of an emulsion of peanut oil’ 
Groups of seventy flies, thus receiving 22 ugm., were 
kept at 25°C. for varying periods of time, after 
which the amount of gamma-BHC was estimated. As 
no gamma-BHC was found in the excreta, a decrease 
of the amount of the toxicant in the flies indicates 
that it is metabolized. 

It is shown in Fig. 1 that a rapid breakdown 
occurs in the resistant strains, and that the susceptible 
strain is also able to metabolize the poison. In the 
latter the process is slower at the beginning and 
eventually it ceases completely. This can perhaps 
be explained by the fact that in these flies heavy 
symptoms build up soon after injection, followed by 
death after a few hours. 

In a number of experiments the abdomens were 
cut off thirty minutes after injection. It could be 
shown that the breakdown is going on for at least 
four hours in both parts of the body. It follows that 
neither the Malpighian tubes nor the fat body can 


be the only site of the breakdown. Thirty minutes | 


after injection the abdomens, which represent only 
25 per cent of the body-weight, contained more than 
half the poison present. As they contain 75 per 
cent of the body-fat, it is likely that storage in the 


fat depots occurs, which also seems to play a part | 


in mice (see preceding communication). 

A rapid breakdown in susceptible flies may perhaps 
also be inferred from the data of Bradbury e¢ al.'. 
Using radioactive gamma-BHC they found an uptake 


of 34 ugm. per gram of flies in four hours, an amount | 


which would rapidly have killed their flies if no 
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Fig. 1. Amount of y-BHC in seventy flies plotted against time 
after injection. S, susceptible strain, dying after a few hours ; 
R,, y-BUC-resistant strain; R,, y-BHC- and DDT-resistant strain 
stoxication had occurred. It should be stressed that 
1e metabolism found in our experiments need not 
wrallel a detoxication process. 
The question whether a difference in breakdown 
tween susceptible and resistant strains is the cause 
f their difference in susceptibility remains to be 
‘ttled. A comparison between the two strains, of 
yurse, should be made at concentrations at which 
oth will survive. Work on this subject is in progress 
1 our Laboratory. 
F. J. OPPENOORTH 
Laboratory for Research on Biocides, 
‘ational Council for Agricultural Research 
DINO:, 
Vondellaan 6, Utrecht. 


R., Nield, P., and Newman, J. F., Nature, 172, 1052 


Bradbury, F. 
(1953). 


Relation of the Paraventricular Nucleus 
to the Pituitary Gland 


It is well known that the supra-optic nucleus 
anervates the posterior pituitary gland and that a 
dtal, bilateral destruction of this nucleus or a com- 
llete section of the supra-optico-hypophysial tract 
esults in diabetes insipidus}. 

Since an interruption of the hypophysial stalk or 
i removal of the posterior lobe** is followed by @ 
ertain loss of cells in the paraventricular nucleus, 
: is possible that this nucleus also takes part in the 
inervation of the posterior lobe. Whether this loss 
‘cells is the result of a direct retrograde reaction 
vr of a transneuronal degeneration is, however, un- 
nown. On the whole, the closer fibre connexions 
f the paraventricular nucleus are not clear, and the 
anction of the nucleus is completely unknown. 

The relation of the paraventricular nucleus to the 
hyrotrophic and to the adrenocorticotrophic hor- 
nones of the anterior lobe, and to the hormones of 
te posterior lobe, has therefore been investigated by 
sing small, circumscribed, bilaterally symmetrical 
tectrolytic lesions in the diencephalon of rats. 

The lesions were made with an instrument de- 
sribed by Hillarp*, and with this technique it has 
en possible serially to destroy completely the 
araventricular nuclei without destroying the ad- 
j.cent nuclear areas. The strength of the current was 
(5 m.amp. for 20 sec. For exact localization of the 
sions the hypothalamic region was fixed in Carnoy’s 
fuid, and cut in serial sections of 10u. The sections 
vere stained in gallocyanin according to the method 
f Kinarson. 
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The thyrotrophic function was studied by thyroid- 
ectomy, which produces increased thyrotrophic 
activity of the hypophysis with the appearance 
of thyroidectomy cells in the anterior lobe. 

As an indicator of the secretion of adrenocortico- 
trophic hormone, the cholesterol content in the 
adrenal glands was determined after the animals had 
been exposed to cold with temperatures between 
0° and + 4°C. One adrenal was removed before, 
the other after, the exposure to cold so that a com- 
parison could be made before and after stress between 
the two adrenals from one animal. 

Isolated posterior lobes from animals with hypo- 
thalamic lesions were extracted in acid solution, 
and tested for oxytocin according to the method of 
Pamela Holton’ and for vasopressin by Dekanski’s 
method’, 

Concerning anterior lobe hormones, it could be 
shown that in animals with a total, bilateral 
destruction of the paraventricular nuclei there 
appeared after thyroidectomy abundant thyroid- 
ectomy cells in the anterior lobe, and that there was, 
after stress, a lowering of the cholesterol content of 
the adrenals of about the same degree as the con- 
trols. The paraventricular nucleus, then, cannot be 
a hypothalamic centre for the thyrotrophic and 
adrenocorticotrophie functions of the hypophysis. 

Regarding’the hormones of the posterior pituitary, 
there is agreement that the antidiuretic hormone 
and vasopressin are identical. Whether there is in 
the posterior lobe a single large molecule from which 
the active fractions break off, or whether the anti- 
diuretic-vasopressor hormone and oxytocin physio- 
logically exist in the posterior lobe as two different, 
active substances has not definitely been decided. 

The tests for the hormones of the posterior 
pituitary lobe showed that, after hypothalamic lesions 
with total bilateral destruction of the paraventricular 
nuclei, there was a complete disappearance of oxytocin, 
and that, after lesions leaving only a few cells of the 
nuclei intact, there was a lowering of the oxytocin 
in the posterior lobe to less than 20 per cent of the 
normal. Posterior lobes from animals with lesions 
in the vicinity of the paraventricular nuclei but leav- 
ing these structures intact showed normal content of 
oxytocin. 

A posterior lobe completely lacking oxytocin showed 
on simultaneous investigation for vasopressin normal 
pressor effect. 

These experiments thus show that in the rat’s 
posterior pituitary lobe there are two different hor- 
mones, namely, the antidiuretic-vasopressor hormone 
and oxytocin, and that the paraventricular nucleus 
constitutes a hypothalamic centre regulating the 
production of oxytocin by the posterior lobe. 

The investigation is proceeding and will be extended 
to study the melanophore hormone of the intermediate 
lobe after bilateral destruction of the paraventricular 
nuclei. 

The investigation has been supported by a grant 
from the Faculty of Medicine, University of Lund. 

HANS OLIVECRONA 

Department of Histology, 

University of Lund. 
Feb. 4. 
1 Fisher, C., Ingram, W. R., and Ranson, S. W., ‘‘Diabetes Insipidus”’ 
(Edward Bros., Inc., Michigan, 1938). 
2? Frykman, H. M., Endocrinol., 31, 23 (1942). 
3 O’Connor, W. J., Quart. J. Exp. Physiol., 34, 29 (1947). 
‘Hillarp, N.-A., Acta Physiol. Scand., 14, 257 (1947). 
5 Holton, P., Brit. J. Pharmacol., 3, 328 (1948). 
® Dekanski, J., Brit. J. Pharmacol., 7, 567 (1952). 
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Moonlight and the Pregnancy of a eee ra ae aesray a grecis 
Malayan Forest Rats OF ‘OLD’ FOR DIFFERENT SPECIES (LOWER LEFT) “dl Kod 
Tue author of the earlier communication in Nature ‘Young’ ; J We « 
under this title (J. L.H.)! wishes to thank his ‘on | etric 
colleague (W. v.d.B.) for pointing out an error in 32 vs the 
the test of significance used, and for suggesting more -0-01 ready 
rigorous tests. The object of this joint letter is to _0-18 | R » con 
correct that error and a similar one in another paper | ‘Young’ # at ev 
which makes use of the same material?. J | “Old aole | 
In the first communication, the wrong number of m, hb 
degrees of freedom was used, which caused an un- Mean = 0-281 -rank 
justified significance. When the asd is correctly Table 4. THE SAME INFORMATION AS FOR TABLE 1, FOR THE SAME beget 
applied, the observations cannot sufficiently support Pgriop, consoLIDATED FOR THE SQUIRRELS C. notatus, nigrovittatw, jm’ P* 
the lunar hypothesis. caniceps AND lowii, AND FOR THE TREE-SHREWS T'upaia glis AND minor #/ aced 
Table 2 of the earlier communication showed the endal 
total number of litters, classed as ‘young’ (that is, Lunar | 2 
with embryos of less than median weight),or as ‘old’ date | 14 r 
(more than median weight), for each five-day period ‘old’ 5 p= 9 
of the lunar month, found on dissecting forest-trapped Young : ; 
rats of the species Rattus miilleri, R. sabanus, R. b2 di 
whiteheadi and R. r. jalorensis, over some four years. F ; en ; 
In Table 1 here the same information is shown for negative (one is zero). The probability of gettin; 
each species separately, and the opportunity has been such a deviation from equality is less than 0-02. & oyal 
taken of bringing it up to date by adding data for The 25 coefficients transformed to Fisher’s z give HY 
twenty-seven more litters of those species and for mean value of 0-386 with a standard deviation 
twenty-four litters of a fifth species, R. rajah, sens. 1 1 Bg d 
lat., which have accumulated since the earlier figures ~ 4/3 x 4/25 ~ 0-116, and a probability of less tha: 
Ae aera hg ait nto She 0-001. Clearly, there is a significant positive correla- 
communication. It is remarkable that a x2-test regen pte gh pedigreed 0 cng Ti 
still does not give a significant result, whereas other jumber of ‘old’ litters ten days later in the I 2atriso 
tests give low probabilities, as we shall demonstrate j,onth. nee 
ars ? f a h hesi b One can object that this does not prove the hypo- ¥ 
f one’ 5 a t ot ype pone siadeahe thesis, for the pregnancy-rate shows decided fluctua. 
“a Be Me a an mid ie of Paci me 5 ena eanine tions connected with the very variable rainfall, and 
Etec Die necooe “ : we would expect the number of ‘young’ litters at 
atts don cues-tiaer tae as wae e any one time to be correlated with the seamen of ‘old’ § Tae 
lh a By’ a so Sal ° ones ten days later. 
coefficients obtained, 18 are positive and only 6 The average number of litters per 5-day period, rm 
Table 1. NUMBERS OF ‘YOUNG’ AND ‘OLD’ LITTERS OF FOREST- senate, 59 a a nent O's) Sas the reinkall Vheele 
TRAPPED RATS OF Five SPECIES BY 5-DAY PERIODS OF THE LuNaR lone cannot explain the observed correlation. — bavie: 
MONTH FOR THE WHOLE PERIOD APRIL 1948-AUGUST 1952 As a further test, Table 3 shows the correlation § ,,,. pi¢; 
coefficients (a) between the numbers of ‘young’ litters, yw 
Lunar date | 1-5 | 6-10 | 11-15 | 16-20 | 21-25 | 26-30 and (b) between the numbers of ‘old’ vee in — 9 ft. ; 
a faa | species for corresponding parts of the lunar month.@ ....; 
wad Reo capi | ot Loe If there is a uaslicene ae conceptions to be more i 
(s) Pn 0 2 4 frequent at some part of the lunar month, then there Hj. y 
; ‘Old’ 4 3 2 should be a positive correlation between these figures. @ pyr: 
(W) R pw J adi 8 3 6 Of the twenty values, twelve are positive, a variation I 9 ¢, 
“Old” 4 4 which is not significant. The z transformation gives batin, 
(J) Pe pout — 7 3 @ mean value of z of 0-301 with a standard deviation of 
‘Old’ 3 
‘Young’ 2 


(R) R. rajah 
‘Old’ 


mr owe 


Ne 


‘Young’ 





Total, all species 
‘Old’ 

















‘Young’ 
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Table 2. COEFFICIENTS OF CORRELATION BETWEEN THE NUMBERS IN 
THE ‘YOUNG’ GROUPS FOR EACH SPECIES AND THE NUMBERS IN EACH 
OF THE ‘OLD’ GRoUPS TEN Days LATER 
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Mean = 0-298 


1 1 
V3 * 720 = 0-129, and a probability of a litter 


less than 0-02. Clearly there is a significant positive 
correlation between the numbers of litters of different 
species at different parts of the lunar month. 
Taken together, the two correlations imply that 
the five species substantially agree in showing 4 
maximum number of ‘young’ litters in the early part 
of the lunar month, and a maximum number of ‘old’ 
ones later in the month, and that the agreement is 
too good to be attributable to chance. That this is 
likely to be an effect of moonlight, and not, for ex: 
ample, of variation in the abundance of insects, fruit or 
rain, is suggested by the complete absence of any trace 
of such a variation in the diurnal squirrels and tree- 
shrews of the forest, which have a rather similar habit 
and food-supply to the rats. This is illustrated in 
Table 4, showing the consolidated information for four 
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secies of squirrels, Callosciurus notatus, nigrovitiatus, 
miceps and lowii, and two tree-shrews, T'upaia glis 
id minor, brought up to date. 

We conclude with the application of a non-para- 
etric test, the method of m-rankings*. This test 
is the advantage that the influence of the rainfall 
ready discussed is still more reduced, for there is 
» connexion between lunar phase and rainfall, so 
at eventual influence of the rain is spread over the 
aole lunar month, which may strengthen the correla- 
m, but does not enlarge the probability of the 
-rankings test. 

The rows of ‘young’ litters in Table 1 were shifted 
7o places to the right, the last two figures being 
aced at the beginning of the row. The result, in 
endall’s notation, was: 


= 17:3; W = 0-355; 
v.— 1) 


No. 4412 


n=6; m= 10. 


1—W 
3-2 degrees of freedom has a probability of 0-002. 


= 4-953 with v, = 4:8 and v, = 


W. VAN DER BIJL 


oyal Netherlands Meteorological Institute, 
De Bilt, Netherlands. 


J. L. Harrison 
Colonial Office Research Unit, 
Institute for Medical Research, 
Kuala Lumpur, 
Malaya. 


farrison, J. L., Nature, 170, 73 (1952). 
farrison, J. L., Bull. Raffles Mus. Singapore, 24, 109 (1952). 
Xendall, M. G., ‘‘Rank Correlation Methods’, chapter 6 (1948). 


Giant Ovaries of a Blue Whale 


THE blue whale (Balaenoptera musculus) has the 
irgest ovaries of any mammal. Of the combined 
eights of ovaries recorded by Mackintosh and 
Vheeler! from non-pregnant mature blue whales, the 
baviest is 15 lb. The greatest recorded weight of 
varies from @ pregnant female appears to be 35 lb. 
I. W. Symons, 1953), but this whale, which was 
9 ft. in length, had two corpora lutea of pregnancy 
ssociated with a single 8-ft. female foetus. More 
sually, the weight of the ovaries of a large pregnant 
tue whale is between 22 and 24 lb. 

During the 1953-54 Antarctic whaling season, an 
8-ft. female blue whale was worked up on the 
bating factory Balaena, in lat. 63° 56’ S., long. 


Fig. 1. Giant ovaries with metre rule for comparison. The large 
body at the front of the left-hand ovary is the corpus luteum of 
pregnancy 
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86° 12’ E. The ovaries, which were associated with 
a 14-ft. female foetus, had a combined weight of 
131 lb.—more than three times heavier than any 
previously recorded. The heavier of the pair, con- 
taining a large corpus luteum of pregnancy of mean 
diameter 20 cm., weighed 73 lb. with dimensions of 
76 cm. x 49 cm. x 16 cm.; the other weighed 
58 Ib. and measured 68cm. x 50 cm. x 14 cm. 
(see Fig. 1). 

Their great size appears to be due largely to the 
ovarian architecture being on a grand scale, although 
an unusual amount of adipose tissue is present. Both 
ovaries have been frozen and will be described in 
detail at a later date. 

I am indebted to Hector Whaling, Ltd., for labora- 
tory accommodation and other facilities on board 
F.F. Balaena. 

R. M. Laws 


National Institute of Oceanography, 
Wormley, Surrey. 
Jan. 25. 


1 Mackintosh, N. A., and Wheeler, J. G. F., Discovery Reports, 1, 384 
(1929). 


Inshore Surface Currents on the West 
Coast of the Union of South Africa 


In the course of research into the environment of the 
South African pilchard Sardinops ocellata Pappe, and 
the maasbanker or horse mackerel T'rachurus trachurus 
Linnaeus, the importance of a knowledge of the 
surface currents near the commercial fisheries of these 
fishes off the west coast of South Africa was quickly 
shown. These two fishes are found in very large 
shoals quite close to the west coast. Their commercial 
importance may be gauged from the fact that in the 
season January-September 1953 some 151,000 tons 
of pilchards and 93,000 tons of maasbankers worth 
c. £5 million in finished products (meal, oil and 
canned fish) were caught in this area. 

The eggs and larv of these fishes being planktonic 
are carried away from the spawning areas by surface 
currents. The main current off the west coast is the 
Benguela current, which usually has northerly and 
westerly components. This current tends to remove 
floating organisms such as fish eggs and larve away 
from the coast, and yet at certain times of the year 
these, as well as juvenile fish, abound in the small 
bays such as St. Helena Bay and Lamberts Bay, 
and later literally millions of adult fish, 3-5 years 
in age, are caught commercially off the west 
coast. 

Another striking fact is that the phyllosoma stage 
of the rock lobster Jasus lalandii Milne Edwards has 
been found 950 miles west of Saldanha Bay. Again, 
this is a planktonic organism which tends to be 
carried away from the coast in surface currents, and 
yet adult rock lobsters are found in large concentra- 
tions all round the west coast, forming the basis of 
@ very valuable export trade for the Union of South 
Africa. 

The problem which arises is the means by which 
fish and invertebrate populations maintain their 
concentrations along the west coast in the face of 
apparently adverse water movements. One solution 
would be the presence of inshore-setting currents, 
which would tend to keep a proportion of the eggs 
and larve close to the coast. 

Records of wrecks and strandings along the west 
coast suggest that on occasion inshore-setting currents 
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must have been responsible for these occurrences. 
The west coast is notorious among seafaring men for 
the difficulty in fixing accurately a ship’s position 
in this vicinity. The incidence of fog, overcast sky 
and unusual refraction make a navigator’s task 
difficult in the absence of installations on land of 
modern specialized equipment for accurate fixing of 
positions at sea. However, as time proceeded, the 
navigating officers of R.S. Africana II, the research 
ship of the South African Division of Fisheries, were 
able to accumulate evidence, taken under;good con- 
ditions, for the presence of inshore-setting currents 
along the west coast. 

In order to augment this evidence it was decided to 
use ‘drift-cards’ as an experiment to give results which 
were continuous and which are independent of the 
adverse conditions attached to°ordinary navigational 
fixes ; this method is due to F. C. W. Olson!. Cards 
bearing identifying marks are placed in plastic 
envelopes and liberated at sea in the hope that a 
proportion of these will strand and be returned 
through the co-operation of the general public. These 
drift-cards, lying flat in the surface of the sea, offer 
@ minimum resistance to the wind. The plastic 
chosen was a polyethylene one, sold under the trade 
name ‘Alkathene’, and was supplied in 5-in. wide, flat 
rolls of 500-ft. length from which lengths of 5 in. 
were cut off. A numbered card was inserted which 
requested the finder to return the card to the Division 
of Fisheries after completing details of date and 
position of finding. The cut edges of the plastic 
envelope were then sealed by heat and in this manner 
a waterproof envelope was produced. Ten of these 
cards were then liberated at each station occupied. 
The envelopes stream away from the ship and float 
passively in the sea surface. On occasion, sea-birds 
such as the wandering albatross, Diomedea exulans, 
take more than a casual interest in them, for some- 
times these birds peck at the envelopes and even pick 
them up in their bills and shake and crumple them. 
Some envelopes have no doubt been rendered non- 
watertight in this manner and the cards destroyed 
in consequence. 

The experiment has now been in operation for a 
year, and out of 4,040 cards liberated at positions 
up to one hundred miles seaward from the west 
coast, some 102, a little more than 2} per cent, 
have been found on west coast beaches. Bearing 
in mind the sparsely populated nature of this coast, 
a return of more than 2} per cent is not discouraging. 
Some cards may travel northwards and even pass 
into the South Equatorial Current and be carried 
westwards across the South Atlantic Ocean to South 
America. Recently, a report reached the Division 
of Fisheries in South Africa that a bottle thrown 
overboard from R.S. Africana IIT when 450 miles 
west of Saldanha Bay in June 1951 was cast ashore 
at the mouth of the Rio Gurupi in Brazil in August 
1953. This confirms an earlier stranding in South 
America of a bottle liberated 26} miles west of Cape 
Point and found about a year later on the coast at 
Pernambuco?. 

One disadvantage of this method of showing move- 
ments of currents is that the course taken by the 
drift card is uncertain, and therefore the distance 
between the points of liberation and finding is a 
minimum distance travelled. Also the time interval 
between liberation and finding is a maximum 
and therefore speeds of currents worked out from 
data such as have been described are minimum 
speeds. 
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In the recent South African experiment it was 
found that no card liberated more than 46 miles 
offshore has been returned from the west coast, the 
majority of returns being from those set free within 
25 miles of the coast. The greatest distance in 4 
direct line between the points of liberation and 
recovery is 164 miles, this card being found 57 days 
after being set free. This works out at a minimum 
speed of nearly three miles a day. The highest 
minimum speed so far recorded is c. } knot. The 
proportion of cards found north of their point of 
release to those found to the south is approximately 
4-5, the number found to the south being greatly 
increased during periods of northerly winds in 
winter. 

The accompanying map shows the positions of 
the strandings of the cards on the west coast, the 
points from which they were liberated and an indica- 
tion of the direction in which they travelled. The 
diagram clearly shows the existence of a number of 
inshore-setting currents which must have an import: 
ant effect on the return close to the coast of eggs 
and larve. At present the data are too few to work 
out seasonal fluctuations in strandings; but later 
it is hoped to correlate meteorological data with the 
occurrence of stranding. 


A. J. CLOWES 
Division of Fisheries, 
Sea Point, 
Cape Town. 
Dec. 14. 
1 Olson, F. C. W., J. Mar. Res., 10, No. 2. 190 (1951). 


8 ear J. D. F., “Marine Investigations in South Africa”, 2, 15 
(1904). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Tuesday, May 25 


PHYSICAL Socrery (in the Lecture Theatre of the Royal Institution, 
\lbemarle Street, London, W.1), at 4.30 p.m.—Annual General oe 
Prof. R. Whiddington : ‘Physics in the University and the Nation” 
(Presidential Address). 


ROYAL SOCIETY OF ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, W.C.2), at 5.15 p.m.—Major-General Sir 
Leonard Rogers, K.C.S.1., F.R.S.: ‘‘Progress Towards the Eradication 
of Leprosy from the British Commonwealth”. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the 
Institution of Civil Engineers, at Great George Street, London, S.W.1), 
at 5.30 p.m.—Mr. C. R. Westlake, Mr. T. A. L. Paton, and Mr. R. W. 
Mountain: ‘*The Owen Falls, U ganda Hydro-electric Development— 
General Aspects” : 


UNIVERSITY OF LONDON (at Senate House, 
5.30 p.m.—Air Marshal Sir Harold Whittingham : 
nd Problems of Flying’. (Further Lecture on May 

PRESENTATION OF TECHNICAL INFORMATION DISCUSSION GROUP 
n the Mechanical Lecture Theatre, University College, Gower Street, 
london, W.C.1), at 6 p.m.—Mr. F. Greenaway: ‘‘Some Historical 
\spects of the Presentation of Scientific Information”. 


UNIVERSITY OF LONDON (at the Institute of Archeology, 4 
Circle, Regent’s Park, London, N.W.1), at 8.15 p.m.—Prof. B. 
Emery: ‘Recent Work in Arch: ology outside Europe”. (3) ‘ oyet"™s 


Wednesday, May 26 


PHYSICAL SOCIETY, COLOUR GROUP (at the Institute of Ophthal almo- 
uy, Judd Street, London, W.C.1), at 3.30 p.m.—Mr. W. N. Sproson : 
s Subjective White in Colour Television” : Dr. M. Gilbert: ‘Colour 


” 


eferences in Television Pictures’. 


EUGENICS SOCIETY (at the Royal Society, Burlington House, Picca- 
lilly. London, W.1), at 5.30 p.m.—Lord Simon of Wythenshawe, 
L.D.: ‘Some Aspects of World Population and Food Resources’’.* 


Thursday, May 27 


MINING 
House, 


London, W.C.1), at 
**Medical Science 
27.)* 


AND METALLURGY (at the Geological 
Piccadilly, London, W.1), at 4 p.m. 


INSTITUTION OF 
Society, Burlington 


Annual General Meeting. 
ROYAL SocreTy (at Burlington House, Piccadilly, 
B.S. 3 


London, W.1), 
t 4.30 p.m.—Sir Howard Florey, F.} “Mucins and the Pro- 


tion of the Body” (Croonian Lecture). 

INSTITUTE OF METALS (at 4 Grosvenor Gardens, London, 
+ 5.30 p.m.—Dr. W. Boas: “Lattice Defects and Energy 

Deformed Metals’’. 
_INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, 
W.C.2), at 5.§ 1 Mr. ) and Mr. J. C. Lithgow: 
velopment and Utilization of Hydro-electric Power in Uganda” 
UNIVERSITY COLLEGE LONDON (in the Anatomy Theatre, Gower 
‘treet, London, W.C.1), at 5.30 p.m.—Prof. A. H. Clark (University 
f Wisconsin: ‘‘Three Centuries and an Island—a Study in the His- 

ical Geography of Canada’. (Further Lectures on May 28 and 31.)* 


8.W.1), 
Stores 


London, 
“De- 


Friday, May 28 


ROYAL Society (at Burlington House, Picc eadilly, 
at 4.30 p.m.—Prof. J. H. Quastel, F.R.S.: “Soil Met abolism”® 
Leeuwenhoek Lecture). (Deferred from Thursday, May 6.) 


UNIVERSITY OF LONDON (at Guy’s Hospital Medical School, St. 
Thomas Street, London, S.E.1), at 5 p.m.—Prof. G. Stead: ‘‘Making 
Sound Visible” (Fison Memorial Lecture). 


SOCIETY FOR ANALYTICAL CHEMISTRY, PHYSICAL METHODS GROUP 
joint meeting with the LIVERPOOL AND NORTH-WESTERN SECTION 
f{ the RoYAL INSTITUTE OF CHEMISTRY, at the Harris Institute, 
Corporation Street, Preston), at 7.30 p.m.—Mr. J. P. Dowdall and 
Mr. H. Stretch: “A Twin Beam Null Point Fluorimeter”’ ; Mr. G. N. 
Walton: ‘‘Quenching Effects in the Fluorimetric Determination of 
Cranium” 

ROYAL INSTITUTION (at 21 
)p.m.—Prof. D. M. _S. Watson, 


London, W.1), 
(The 


London, W.1), 


Street, 


Albemarle 
: “Coelacanths’’. 


F.R.S. 


APPOINTMENTS VACANT 


_ APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER IN GEOGRAPHY-—The 
College, Strand, London, W.C.2 (May 28). 

PROFESSOR OF PATHOLOGY at the Royal Medical College, Baghdad 
~The Secretary, Ministry of Health (Division 5A), Savile Row, Lon- 

m, W.1 (May 28). 

VISITING PROFESSOR OF BIOCHEMISTRY at Ankara University, 
Turkey—The Director, Personnel Department, The British Council, 
4 Davies Street, London, W.1, quoting “Biochemistry, Ankara’ 
May 28). 

ASSISTANT EXPERIMENTAL OFFICER (with at least H.S.C. (science) 
r® equivalent, and experience in emission spectroscopy or in elec- 
tronics), for research and development work in emission spectroscopy 
~—The Establishment Officer, Atomic Energy Research Establishment, 
Harwell (May 29). 


Registrar, King’s 


NATURE 
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ASSISTANT, Grade B (with a good honours degree in one of the 
biological subjects) IN THE DEPARTMENT OF PHARMACY AND BIOLOGY, 
to teach to degree standard; and an ASSISTANT, Grade B (graduate 
or equivalent qualifications in microbiology, biochemistry, nutrition 
and food analysis), IN THE DEPARTMENT OF BAKERY AND CATERING, 
to teach microbiology, nutrition and food analysis—The Registrar, 
College of Technology, Suffolk Street, Birmingham 1 (May 29). 

ASSISTANT (graduate or equivalent qualifications), at the College 
of Commerce and Technology, Sheffield, to teach physics in national 
certificate (chemistry and metallurgy) and various City and Guilds 
Courses—The Director of Education, Leopold Street, Sheffield (May 29). 

PHYSICIST TECHNICIAN (with good laboratory workshop experience, 
and preferably with a practical knowledge of electronics) in the 
Radiotherapy Institute—The Medical Superintendent, Western 
General Hospital, Edinburgh 4 (May 29). 

READER IN RADIOCHEMISTRY, tenable in the 
of the University—The Registrar, University Office, 
Durham (May 29). 

SENIOR ASSISTANT ENGINEER (Cooling Towers), (preferably with 
an honours degree in engineering, and a sound knowledge of the 
fundamentals of the cooling process, proven capacity for original 
thought, and experience either in the design office of a manufacturer 
of cooling towers or of economic studies in relation to the design of 
central power stations) at the British Electricity Authority Head- 
quarters, London, for duties which consist of general investigations 
into the technical and economic aspects of cooling tower design, 
together with the preparation of specifications and critical assess- 
ments of the technical features and performance of specific designs— 
The Director of Establishments, British Electricity Authority, Winsley 
Street, London, W.1, quoting T/437 (May 31). 

LECTURERS (2) (one with qualifications in agricultural zoology, 
and the other with qualifications in agricultural botany, preferably 
with some knowledge of bacteriology) IN THE BIOLOGY DEPARTMENT— 
The Principal, Seale-Hayne Agricultural College, Newton Abbot, 
Devon (June 1). 

ASSISTANT IN 
deen (June 4). 

LECTURER (graduate in 
research or teaching experience, 
management) IN AGRICULTURE AND 
FarmMS—tThe Secretary, The University, 

ASSISTANT LECTURER IN APPLIED MATHEMATICS—The 
The University, Sheffield (June 5). 

ASSISTANT LECTURER (with an honours degree in geology, and 
preferably some research experience in palaeontology or stratigraphy) 
IN GEOLOGY—The Secretary, University College London, Gower 
Street, London, W.C.1 (June 5). 

EXPERIMENTAL OFFICERS (with at least H.S.C. 
lent) IN THE GUIDED WEAPONS DIVISION, Royal Aircraft Establish- 
ment, Farnborough, for work concerned chiefly with design, develop- 
ment and performance of new weapons and associated guidance and 
control systems ; instrumentation of flight trials and investigation of 
trials results—The Ministry of Labour and National Service, Technical 
and Scientific Register (K), 26 King Street, London, 8.W.1, quoting 
C.296/54A. (June 5). 

RESEARCH ASSISTANT AND 


Durham Division 
46 North Bailey, 


CHEMISTRY—The Secretary, The University, Aber- 
agriculture or pure science, and some 
and considerable experience of farm 
SUPERVISOR OF UNIVERSITY 
Aberdeen (June 4). 

Registrar, 


(science) or equiva- 


DEMONSTRATOR (preferably with a 
knowledge of cytogenetics) IN THE DEPARTMENT OF BoTANy—The 
Registrar, University College of South Wales and Monmouthshire, 
Cathays Park, Cardiff (June 5). 

PHYSICIST Or ENGINEER (with first- or second-class honours degree 
or equivalent in physics or engineering, and preferably with a working 
knowledge of electronics and servo-techniques) IN THE INSTRUMENT 
AND PHOTOGRAPHIC DEPAR TMENT, Royal Aircraft Establishment, 
Farnborough, to work on development of new automatic pilots and 
adaptation of existing equipment for special purposes, which will 
involve designing of electromechanical instrument devices, supervision 
of associated experimental work, and considerable contact with in- 
dustry—The Ministry of Labour and National Service, Technical and 
Scientific Register (K), 26 King Street, London, S.W.1, quoting 

272/54A. (June 11). 

GUINNESS RESEARCH FELLOW (graduate with experience in research) 
IN MICROBIOLOGICAL BIOCHEMISTRY—The Whitley Professor, Depart- 
ment of Biochemistry, The University, South Parks Road, Oxford 
(June 12). 

ASSISTANT LECTURER IN ZooLOGY—The Registrar, 
Leeds 2 (June 21). 

LECTURER IN THE DEPARTMENT OF VETERINARY PHYSIOLOGY, Royal 
(Dick) School of Veterinary Studies—The Secretary, The University, 
Edinburgh (June 30). 

NorTH THAMES GAS BOARD FELLOWSHIP IN GASEOUS FUELS AND 
COMBUSTION, tenable at Imperial College—The Registrar, Imperial 
College of Science and Technology, Prince Consort Road, London, 
S.W.7 (July 1) 

ASSISTANT LECTURER (with an honours degree in psychology or 
equivalent) IN PSYCHOLOGY, with special reference to general and 
experimental psychology—The Secretary, University College London, 
Gower Street, London, W.C.1 (July 3). 

AGRONOMIST (with at least a second-class honours degree, and not 
less than two years appropriate postgraduate experience, preferably 
including acquaintance with tropical tree crops and up-to-date know- 
lege of the statistical analysis of field experimental results) at the 
West African Cocoa Research Institute, Gold Coast, to assist in laying 
down field experiments on various methods of cultivating cocoa— 
The Director of Recruitment, Colonial Office, Great Smith Street, 
London, S.W.1, quoting 27059/130. 

ASSISTANT BIOCHEMIST (with an honours degree, and preferably 
with experience in electrophoresis and spectrographic techniques)— 
The Director, Cancer Research Department, Royal Beatson Memorial 
Hospital, 132-138 Hill Street, Glasgow, C.3. - 

ASSISTANT IN EXPERIMENTAL PHARMACOLOGY—The Secretary of 
University Court, The University, Glasgow. 

ASSISTANT LECTURER, Grade B (with a good honours degree in 
zoology, with subsidiary botany, and preferably with an interest 
in embryology and/or cytology), IN ZooLogy—The Principal, 
Medway College of Technology, Horsted, Maidstone Road, Chatham, 

ent. 


The University, 
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ASSISTANT STATISTICIAN (with a degree in mathematics or economics, 
and preferably with an interest in the use of punched-card work and 
electronic computing equipment) IN THE DEPARTMENT OF STATISTICS, 
to carry out the more advanced type of statistical computations, and 
supervise routine statistical work of the computing{staff of the Depart- 
= Secretary, Rothamsted Experimental Station, Harpenden, 

erts 

BIOCHEMIST (preferably with experience of recent methods used in 
general medical clinical biochemistry)—The Medical Superintendent, 
Morriston Hospital, Swansea. 

ELECTRICAL ENGINEERS and Puysicists (with at least H.S.C. 
(science) or equivalent) at the Ministry of Supply Radar Research 
Establishment, Malvern, Wores., for research and ‘development work 
on radio and eiectronic equipment—The Ministry of Labour and 
National Service, Technical and Scientific Register (K), 26 King Street, 
London, S8.W.1, quoting A.121/54A. 

LECTURER (preferably with industrial, teaching and research 
experience) IN TECHNICAL CHEMISTRY—The Secretary, Royal Tech- 
nical College, Glasgow. 

LECTURER (with qualifications in physical chemistry) IN CHEMISTRY 
—tThe Secretary, Queen Elizabeth College (University of London), 
Campden Hill Road, London, W.8 

METALLURGISTS, ASSISTANT cmeienintes: OFFICER or EXPERI- 
MENTAL OFFICER grades (with at least H.S.C. (science) or equivalent 
(Ref. F.29/54A); SciENTIFIC OFFICER grade (with first- or second- 
class honours degree in metallurgy, or in physics or chemistry with 
bias to metallurgy) (Ref. F.30/54A), at Experimental Establishments 
in the South of England, for research and development work chiefly 
on corrosion, fatigue, high temperature materials and light alloy 
technology—The Ministry of Labour and National Service, Technical 
and Scientific Register (K), 26 King Street, London, S.W.1, quoting 
appropriate Ref. No. 

OFFICER (with at least H.S.C. in science subjects, and experience 
in technical journalism, and preferably with technical knowledge in 
the field of atomic energy) in the Department of Atomic Energy 
Industrial Group Headquarters, to undertake scientific and technical 
editorial work covering the entire field of the Industrial Group’s 
activities; the preparation of briefs and drafts on general as well as 
specified fields, particularly for publication and lectures ; liaison with 
Press Office on publicity; and arranging visits of outside bodies to 
the Group’s Headquarters and factories—The Department of Atomic 
eae Industrial Group Headquarters, Risley, Warrington, quoting 

89. 

TECHNICIAN (preferably with a knowledge of glassblowing and 
vacuum techniques) IN THE DEPARTMENT OF PHYSICS, to assist par- 
ticularly with research work—The Secretary and Registrar, The Uni- 
versity, Southampton. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


a Reminiscent Monograph. By George Wilton 
vi+20+5 plates. (Galashiels: A. Walker and Son, 


Fingerprint Facts: 
Wilton. Pp. 
Ltd., 1953.) {178 

Security fand Responsibility. By Prof. Kathleen Lonsdale, F.R.S. 
(Alex Wood Memorial Lecture, 1954.) Pp. 32. (London: Fellowship 
of Reconciliation, 1954.) 1s. 6d. {173 

Pacifism: a Personal Challenge. By Howard Diamond. Pp. 8. 
(London: Fellowship of Reconciliation, 1954.) 6d. {173 

The Complete Spraying Programme, 1954, for Fruit Growers, 
Market Gardeners and Farmers. Pp. 96. (Wheathampstead : The 
Murphy Chemical Company, Ltd., 1954.) {173 

Murex Limited. Review, Vol. 1, No. 13: The Significance of Hydro- 
gen in Steel Manufacture. By K. C. Barraclough. Pp. 305-352. 
(Rainham, Essex: Murex, Ltd., 1954.) 173 

Year Book of the Textile Institute. No. 6: 1953-54. Pp. xviii+ 
60+166. (Manchester: The Textile Institute, 1954.) 15s. {173 

Department of Scientific and Industrial Research. (Joint Fire 
Research Organization.) National Building Studies. Special Report 
No. 22: Fire Hazard of Internal Linings. By D. Hird and C. F. 
Fischl. Pp. iv+12+4 plates. (London: H.M. Stationery Office, 
1954.) 1s. 3d. net. 173 

Royal Astronomical Society. Occasional Notes. Vol. 15, No. 3 
(October ap “ag Heights and Names of Mount Everest and Other 
Peaks. By J. de Graaff-Hunter. The Construction of the Earth toa 
Depth of 50 kilometers. By Ernest Tillotson. Pp. 28+4 plates. 3s. 
Title Page and Index to Vol. 2 (Nos. 10-14). (London: Royal Astro- 
nomical Society, 1953.) {173 

Institution of the Rubber Industry. Annual Report on the Progress 
of Rubber Technology. Vol. 17, 1953. Pp. xii+174. eigenen (7 
Heffer and Sons, Ltd., 1954.) 21s. {17 

Air Ministry : Meteorological Office. Geophysical Memoirs No. oe 
(Seventh Number, Vol. X1): Day-to-Day Variations in the Tropo- 
pause. By J. S. Sawyer. (M.O. 530g.) Pp. 40. (London: H. A 
Stationery Office, 1954.) 5s. net. {17 

Imperial Forestry Institute, University of Oxford. Twenty- ninth 
Annual Report, 1952-53. Pp. 30. (Oxford: Holywell Press, nt 

17 


Annual Report of the Librarian. 

The University, 1953.) 
Annual Report of the Chairman and 

(London: British Plastics Federation, 


-) 

University of Leeds. 
1952-53. Pp. 12. (Leeds: 

British Plastics Federation. 
Council for 1953. Pp. 20. 
1954.) 
» Proceedings of the Society for the Study of Fertility. No. 5 
pool Conference, 1953. Pp. iii+105+15 plates. 
Heffer and Sons, Ltd., 1954.) 

Bulletin of the British Museum (Natural History). Geology. Vol. 2, 
No. 4: Some Upper Cretaceous and Eocene Fruits from Egypt. By 
Marjorie E. J. Chandler, with Appendices by M. Y. Hassan and M. I. 


Session, 
173 


{17 

: Liver- 
(Cambridge: W. 
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age pa Pp. 147-187+plates 10-16. 16s. Entomology. Vol. 3, 
No. 6: The Early Literature = Mallophaga. Part 3: 1776-1736, 
By Theresa Clay and G. H. E. Hopkins. Pp. 221-266+plates 10-12, 
10s. (London: British Museum (Natural History), ay ) 
British Museum (Natural History). Fossil Mammals o: 
7: The Miocene Hyracoids of East Africa, with some kn on 
the order Hyracoidea. y T. Whitworth. Pp. iii+58+7 plates, 
(London: British Museum (Natural History), 1954.) 25s. (173 
Colonial Office. An Economic Survey of the Colonial Territories, 
1 Vol. 2: The East African Territories—Kenya, Tanganyika, 


Uganda, Zanzibar and the Somaliland Protectorate, with Aden, 
a 
173 


Mauritius and Seychelles. (Colonial No. 281-2.) Pp. 204. 
H.M. Stationery Office, 1954.) 32s. 6d. net. 
Other Countries 


No. 1 (November 1952). . 28. (Bulletin of the 
cientific Film Associa. 


Research Film. 
Research Film Committee of the International 
tion.) (Géttingen: Institut fir Film und Bild, 1952.) [173 

Sveriges Geologiska Undersékning. Ser. C, No. 508 : Interpretation 
of Magnetic Anomalies at Sheet-Like Bodies. By S. Werner. 
130+xxii. 8 kronor. Arsberitt for Ar 1949. Pp. 8. 0.50 kronor, 
oe: Kungl. Boktryckeriet. P. A. Norstedt and —_ 

Smithsonian Institution: Bureau of American Ethnology. Bullets 
154: River Basin Surveys Papers: Inter-Agency Archzological 
Salvage Program, Nos. 1-6. Pp. Kviii +836 +56 plates. 1.75 dollan, 
Bulletin 156: The a Eagle Dance, an Offshootjof the Calumet 
Dance. By William With an analysis of the Troquois 
Eagle Dance and Songs by Gertrude Prokosch Kurath. Pp. vi+324+ 
28 plates. 1.50 dollars. (Washington, D.C.: Government Printing 


Office, 1953.) [173 
Det Kongelige Industri-, Handverk- Og Skipsfartsdepartement, 

Norsk. Polarinstitutt. Skrifter Nr. 96: Geochemical Affinities of 

Some Coals from Svalbard. By J. R. Butler. Pp. 26. 3 kronor. 

Skrifter Nr. 98: The Barnacle Balanus balanoides (Linné, 1766) in 

Spitsbergen. By Rolf W. Feyling-Hanssen. Pp. 64+9 plates. 

ae (Oslo: I Kommisjon Hos Broggers Boktrykkeris — 

) 

Leprosy : a Survey of Recent Legislation. Pp. 36. (Geneva : World 
Health Organization; London: H.M. Stationery Office, 1954.) 
1s. 9d. ; 0.25 dollars ; 1 Swiss franc. 3 

Notas de Fisica No. 13: The Anomalous Large Angle Scattering of! 
my Mesons. By J. P. Davidson. Pp. 3. (Rio de Janeiro: Centro 
Brasileiro de Pesquisas Fisicas, 1953.) (178 

International Nickel Company of Canada, Limited. Annual Report 
for 1953. Pp. 28. (Copper Cliff, Ont. : International Nickel Company 
of Canada, Limited, 1954.) (173 

U.S. Department of the Interior. Geological Survey Professional Paper 
249-B: Callovian (Jurassic) Ammonites from the United States and 
Alaska. Part 2: Alaska Peninsula and Cook Inlet Regions. By 
Ralph W. Imlay. Pp. iv+41-108+plates 25-55. Geological Survey 
Professional Paper No. 251: Geology and Mineral Deposits of Jumbo 
Basin, South-eastern Alaska. By George C. Kennedy. Pp. iv +46. 
Geological Survey Professional Paper No. 247: Pegmatite Investiga- 
tions 1942-1945, Black Hills, South Dakota. By Lincoln R. Page and 
Others. Pp. viii+228. 3.50 dollars. (Washington, D.C. ; Government 
Printing Office, 1953.) (173 

Unions Astronomique et Géodésique-Géophysique Internationales, 
Bureau Internationale de l’Heure. La Deuxiéme Operation Inter- 
nationale des Longitudes, Octobre-Novembre, 1933. Par A. Lambert, 
Mme. P. Dubois et N. Stoyko. Pp. vi+78+2 plates. Adélaide: 
Pp. 79-96. Alger: Pp.97-150. Belgrade: Pp. 151-176. Ber-Rechid: 
Pp. 177-208. Bucarest—lInstitut Geographique Militaire, Observatoire 
Astronomique; Buenos-Aires; Canton: Pp. 209-280. Cap de Bonne, 
Espérance ; Goimbre—Cordona ; ; Dehra-Dun: Evanston—Gdynia: 
Pp. 281- 396. Greenwich : Pp. 397-414. Hamburg—Observatoire de 
Bergedorf: Ehlwan (Egypte): Honolulu-Niu (Iles Hawaii): Pp. 415- 
552. Izana (Iles Canaries); Kharkov (U.R.S.S.)—Kitab (U.R.S.8.); 
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bang (Java)—Leningrad ; Lick (Mount Hamilton); Liége—Lisbonne: 
Pp. 633-716. Madrid—Manille (Observatoire Central); Melbourne 
Milan ; ro gg ety eer dy Moscou (Institut Géodesique): 
Pp. 717-852. Nankin (Geodetic Survey): Pp. 853-972. (Paris: 
Hermann et Cie, 1938-1947.) [173 

Bulletin of the American Museum of Natural History. Vol. 103, 
Article 3: A Review of the Mexican Tiger Beetles of the Genus Cicindela 
(Coleoptera, Cicindelidae). By Mont A. Cazier. Pp. 227-320-+plates; 
10-12. (New York: American Museum of Natural History, 1954) 
1.50 dollars. 223 

Conseil Permanent International pour l’Exploration de la Mer, 
Charlottenlund Slot, Charlottenluud, Danemark. Bulletin Statistique 
des Péches Maritimes des pays du Nord et de l’Ouest de I’ Europe. Vol. 
36, pour omg 1951. Rédigé ag ee Rosen. Pp. xiv +42. (Copen- 
hagen : Andr. Fred. Host & Fils, 1954.) 8 kronor. [223 

Pasteur Institute of Southern’ india. Coonoor. 
1953. Pp.30. Annual Report of the Director, 1952. 
Pasteur Institute of Southern India, 1953.) 

United States National Museum (Smithsonian Institution). Annua 
Report for the year ended June 30, 1953. Pp. vii+98. ae 
D.C. : Government Printing Office, 1953. 223 

Metropolitan Life Insurance Company. Statistical Bulletin, vol! 35 
No. 1: Record Low Mortality in 1953. Pp. 12. (New York: Metro 
politan Life Insurance Company, 1954.) } 

Sixth Annual Report of the Pacific Marine Fisheries Commission rm 
the year 1953. Pp. 16. (Portland, Oregon: Pacific Marine Fisheries 
Commission, 154.) 223 

University of California Publications in Zoology. Vol. 52, No. 4 
Annual Cycle, Environment and Evolution in the Hawaiian’ Honey: 
creepers (Aves: Drepaniidae). By Paul H. Baldwin. Pp. 285-398+ 
plates 8-11. (Berkeley and Los Angeles: University of California 
Press ; London: Cambridge Vatversite Prem, 1953.) 1.50 dollars. [223 

4 case Natural History Museum. Fieldiana: Anthro; 


Scientific Report, 
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Saipan: the Ethnology of a War-Devastated Island. By Alexan- 
ZZ Spoehr. Pp. 384. (Chicago: Chicago Natural History Museum, 
1954.) 5 dollars. 5 
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